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(57) Abstract 



Compounds of formula (I) wherein R 1 is alkoxycarbonyl, aralkoxycarbonyl, optionally substituted aralkanoyl, option- 
ally substituted aroyl, optionally substituted heterocyclylcarbonyl, optionally substituted aryloxyalkanoyl, or optionally sub- 
stituted heterocyclyloxyalkan yl; R* is hydrogen; R* is alkyl optionally substituted by hydroxy, carbamoyl, monoalkylcarb- 
amoyl, or dialkylcarbamoyl; R 4 is optionally substituted aryl r ptionally substituted aralkyl; R5 is hydrogen; R 6 is 
hydroxy; or R* and R6 together form oxo, and R7 is selected from the group consisting of (a), (b), (c), (d), (e), (f), (g), (h) and 
(i), wherein n is 0, 1 or 2; each R 14 is independently hydroxy, altyl, alkoxy, or phenyl; and R 10 is alkoxycarbonyl or option- 
ally substituted monoalkylcarbamoyl; as a single stereoisomer or as a mixture thereof; or as pharmaceutically acceptable 
salts thereof, are useful in treating disease-states which are alleviated by treatment with an HIV protease inhibitor. 
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Cycllc amides of 3-am1no-2-hydroxy-carboxyl1c adds as HIV-protease Inhibitors 

Field of the Invention 

The present invention is directed to compounder and their 
pharznaceutieally acceptable salts, which inhibit the protease enzyme encoded 
by the human immunodeficiency virus (HIV) , thereby being useful in the 
prevention of infection by HIV, in the treatment of infection by HIV and in 
the treatment of the resulting acquired immune deficiency syndrome (AIDS) . It 
also relates to pharmaceutical compositions containing the compounds or their 
pharmaceutical^ acceptable salts. 

BACKGROUND OF THE INVENTION 

A retrovirus designated human immunodeficiency virus (HIV) is the 
etiological agent of the complex disease that includes progressive destruction 
of the immune system, such as acquired immune deficiency syndrome or AIDS, and 
degeneration c; the central and peripheral nervous system. A common feature 
of retrovirus replication is the extensive post-trans lational processing of 
precursor polyproteins by a virally encoded protease to generate mature viral 
proteins required for virus assembly and function. Interruption of this 
processing prevents the production of normally infectious virus. 

Current treatments for AIDS usually involve the administration of 
compounds which may inhibit viral DNA synthesis, or which may prevent HIV from 
penetrating the host cell. None of these current treatments for AIDS have 
proven to be totally effective in treating and/or reversing the disease. In 
addition, many of the compounds currently used to treat AIDS cause adverse 
side effects including low platelet count, renal toxicity and bone marrow 
cytopenia. 

The compounds of formula (I) exhibit the ability to inhibit retroviral 
proteases, in particular, HIV protease, thereby providing a method for 
blocking retroviral replication, in particular, HIV replication, and, 
consequently, a treatment for diseases caused by HIV infection having fewer or 
no side effects when compared to current treatments. 

Related Disclosures 

Peptidyl derivatives are disci s d in several published patent 
applications as being useful in inhibiting retroviral proteases, for example, 
European Published Patent Application No. 0 498 680 (Sankyo); Eur pean 
Published Patent Application N . 0 490 667 (Nippon Mining); Eur pean Published 
Patent Application Nos. 0 401 676 and 0 401 675 (Bio-mega); European Published 
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Patent Application Mo. 0 356 223 (Herck 6 Co., Inc.); European Published 
Patent Application No. 0 342 541 (Abbott Laboratories); European Published 
Patent Application No. 0 346 847 (Hoffmann-La Roch©); and European Publiohed 
Patent Application No. 0 200 406 (Kissel Pharmaceutical). The design and 
5 gyntheoio of peptidyl derivatives as HIV proteaoe inhibitors is discussed in 
several research articles, including, but not limited to the following: Cftee. 
Phaxm. Bull (1991), Vol. 39, No. 9, pp. 2465-2467; Sclcmc® (1990), Vol. 247, 
pp. 454=456; Biochemical and Blophyolcal Roooarch Communications (1991), Vol. 
180, No. 1, pp. 181-185; Science (1989), Vol. 246, pp. 1149-1151; J • #ed. 

10 CAea. (1990), Vol. 33, pp. 2687-2689; Scioneo (1990), Vol. 248, pp. 358-361; 
J\ md. Chom. (1990), Vol. 33, pp. 1285-1288; Biochemical and Biophysical 
Research Communications (1990), Vol. 169, No. 1, pp. 310-314; Biochemical and 
Biophysical Reaoarch Communications (1989), Vol. 163, No. 2, pp. 980-987; and 
Biochemical and Biophysical Research Communications (1989), Vol. 159, No. 2, 

15 pp. 420-425. 

soEssmar OP SBS EBVEHgieBJ 
In one aspect, thio invention provideo compounds of formula (I): 

20 R 3 0 B* 0 




25 wherein: 

R l is alkoxycarbonyl, aralkoxycarbonyl, optionally substituted 

aralkanoyl, optionally oubatituted aroyl, optionally substituted 
hotoroeyelylcarbonyl, optionally substituted aryloxyalkanoyl, optionally 
subotitutod carbamoyl or optionally subotitutod heterocyclyloxyalkanoyl; 
30 R 2 io hydrogen; 

R 3 io alkyl optionally oubotitutad by hydroxy, carbamoyl, 
monoalkylearbomoyl, or dialkylcarbamoyl; 

R 4 is optionally oubatituted aryi or optionally substituted aralkyl; 

R 5 io hydrogon? 
35 R 6 io hydroxy; or 

R* and R ff togothor form oxo; and 

R 7 io oolactod from the group consisting of: 

40 



45 
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5 



10 




15 

wherein 

n is 0, 1 or 2; 

each R 14 is independently hydroxy, alkyl, alkoxy or phenyl; and 
R 10 is alkoxycarbonyl or optionally substituted carbamoyl; 
20 as single stereoisomers or as mixtures thereof; or as pharmaceutical ly 
acceptable salts thereof. 

In another aspect, this invention provides a method of inhibiting HIV 
protease activity in a mammal, which method comprises administering to a 
mammal in need thereof a therapeutically effective amount of a compound of 
25 formula (I) as defined above, as a single stereoisomer, or as a mixture 
thereof; or a pharmaceutically acceptable salt thereof. 

In another aspect, this invention provides a pharmaceutical composition 
useful in inhibiting HIV protease activity in a mammal, which composition 
comprises a therapeutically effective amount of a compound of formula (I) as 
30 defined above, as a single stereoisomer or as a mixture thereof; or a 

pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable 
excipient. 

In another aspect, this invention provides processes for the preparation 
of compounds of formula (I), which processes comprise 
35 a) reacting a compound of the formula 

R 2 o o 
R 3 H OH 

40 

wherein G,is an amino-protecting group selected from the group consisting of 
t-butoxycarbonyl, 2-(naphth-l-yl xy)ethanoyl and benzyloxycarbonyl and R 2 , R\ 
and R 4 are as defined above, with a compound of the formula 



45 



H - R 7 
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wherein R 7 io ao defined above, to forma compound f formula (I) wherein G, is 
aa defined above; r ..xe. 

b) treating a compound of fens, formula 

R 2 q .- aff* o 




wherein R J , R 3 , R*, and R 7 are as defined above, with a compound of the formula 

R 1 - OH 

wherein R 1 ia as defined above, to form a compound of formula (I); or 
c) reacting a compound of the formula 

R 4 0 




H OH 

wherein R 4 and R 7 are as defined above, with a compound of the formula 

0 

[ 

wherein G„ R 2 , and R 3 are ao defined above and R" is hydrogen or p- 
nitrophonyl, to form a compound of formula (I) wherein G 3 is as defined above ; 
or 

d) oxidising a compound of formula (I) wherein R 5 ia hydrogen and R 6 
is hydroxy , to form a co mp ound of formula (I) wherein R 5 and R* together form 
oxo ; or 

e) converting a compound of formula (I) to a pharacoutically 
acceptable) oalt thoroof ; or 

f ) convorting a pharmaceutical^ acceptable oalt of a compound of 
formula (I) to tho correoponding freo compound of formula (I); or 

g) converting a pharmaceutically acceptable salt of a compound of 
formula (I) to anothor pharmaeeutically acceptable oalt of a compound of 
formula (I) . 

In a further aapeet, thia invontion provideo for tho preparation of 
compounder of formula (I), which proceoo, in step a) or c) of the above 
procQao, furthQr compriOQO 

a} catalytically hydrogenating a compound of formula (I) wherein G, 
io an amino-protecting group oolected from the group conoieting f t- 
butoxycarbonyl, 2-(naphth-l~yloxy)Qthanoyl and bonsyloxycarbonyl and R l , R\ 
R 4 , and R 7 aro ao definod above, to form a compound of the formula 
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followed by 

b) treating a compound of formula (L) wherein R 2 , R J , R\ and R 7 are as 
defined above , with a compound of the formula 

E 1 - OH 

wherein R 1 ia as defined above, to form a compound of formula (I); optionally 
followed by 

c) oxidizing a compound of formula (I) wherein R 5 is hydrogen and R* 
is hydroxy, to form a compound of formula (I) wherein R* and R* together form 
oxo; or 

d) converting a compound of formula (I) to a pharaceutically 
acceptable salt thereof; or 

e) converting a pharmaceutical ly acceptable salt of a compound of 
formula (I) to the corresponding free compound of formula (I); or 

f) converting a pharmaceutical^ acceptable salt of a compound of 
formula (I) to another pharmaceutical^ acceptable salt of a compound of 
formula (I). 

DETAILED DESCRIPTION OF THE IN VENT I ON 

Definitions 

As used in the specification and appended claims, unless specified to 
the contrary, the following terms have the meaning indicated: 
*Boc" refers to t-butoxycarbonyl. 

"CBZ" refers to benzyloxycarbonyl (carbobenxyloxy) . 
•DCC- refers to N,N'-dicyclohexylcarbodiimide. 
"DMF* refers to ff,N-dimethylformamide. 

"EDCI" refers to N-ethyl-ff' -(3-dimethylaminopropyl)-carbodiimide. 
"HOST" refers to 1-hydroxybenzotriazole* 
"Halo" refers to bromo, chloro or fluoro. 

"Alkyl" refers to a straight or branched chain monovalent radical 
consisting solely of carbon and hydrogen, containing no un saturation and 
having from one to four carbon atoms, e.g., methyl, ethyl, n-propyl, 1-methyl- 
ethyl (iso-propyl) , n-butyl, 1,1-dimethylethyl (t-butyl), and the like. 

■Alkoxy" refers to a radical of the formula -OR, wherein R, is alkyl as 
defined above, e.g., methoxy, ethoxy, n-propoxy, 1-methyleth xy, n-butoxy, t- 
butoxy, and the like. 

" Alkoxycarbony 1 " refers to a radical of the formula -C( )R b wherein R* is 
alkoxy as defined above, e.g., meth xycarbonyl, et hoxy car bony 1, n-propoxy- 
carbonyl, and t-but xycarb nyl, and the like. 
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n Aryl CT refers to the phenyl or naphthyi radical . 

CT Aroyl° refaro to a radical of tho formula -CfO)!^ where R„i0 aryl as 
defined above, e.g., benzoyl or naphthoyl. 

"Aralkyl 0 refers to a radical of tho formula -R^ where R«is alkyl as 
defined above and Rjio aryl as defined above, e.g., benzyl. 

"Aryloxy" refers to a radical of the formula -OR^ where R tf is aryl as 
defined above, e.g., phenoxy, or naphthyloxy. 

"Aralkoxy" refers to a radical of the formula -OF,, where Ftp is ar alkyl as 
defined above, e.g., benzyloxy or naphthylmethoxy. 

"Aralkanoyl" refers to a radical of tho formula -C(0)R„ where R, is 
aralkyl ao defined above, e.g., pheny lethanoyl , pheny Ipropanoyl, and the like. 

"Aralkoxycarbonyl" refers to a radical of the formula -0(0)0^ is 
aralkyl as defined above, e.g., benzyioxycarbonyl or naphthylmethoxycarbonyl. 

"Aryloxyalkanoyl" refers to a radical of the formula -0(0)1^01^ where R„ 
is alkyl as defined above and R* is aryl as defined above, e.g., naphth-1- 
yloxyethanoyl, phenoxyethanoyl, 2-(naphth-2-yloxy)propanoyl, and the like. 

"Hetorocyclyl" refers to a stable 5- to 7-raerabered mono- or bicyclic or 
stable 7- to 10~membered bicyclic heterocyclic ring radical which is either 
saturated or unsaturated, and which eonmisto of carbon atomo and from one to 
three heteroatomo selected from the group consisting of nitrogen, oxygen and 
sulfur, and wherein the nitrogen, carbon or sulfur atoms may optionally be 
oxidised, and the nitrogen atom may optionally be quaternized, and including 
any bicyclic group in which any of the above-defined heterocyclic ring 
radicals ia fused to a benzene ring. The heterocyclic ring radical may be 
~ attached at any heteroatom or carbon atom which results in the creation of a 
stable structure. Examples of such heterocyclic radicals include, but are not 
limited to, piperidinyl, piperasinyl, 2°oxopip©razinyl, 2-oxopiperidinyl, 
2-oxopyrrolidinyl, 2-oxoazepinyl, azepinyl, pyrrolyl, 4°piperidonyl, 
pyrrolidinyl, pyrasolyl, pyrasolidinyl, imidasolyl, imidazolinyl, 
imidazolidinyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, oxazolyl, 
oxazolidinyl, indonyl, iooxazolyl, iooxasolidinyl, morpholinyl, thiazolyl, 
thiazolidinyl, ioothiasolyl, guinuclidinyl, ioothiazolidinyl, indolyl, 
iooindolyl, indolinyl, iooindolinyl, oetahydroindolyl, octahydroisoindolyl, 
quinolyl, iooquinolyl, doeahydroiooquinolyl, benzimidazolyl, thiadiazolyl, 
benzopyranyl? bonsothiazolyl, benzoxazolyl, furyl, tetrahydrof ury 1 , 
totrahydropyr&nyl, thionyl, bonzothienyl, thiamorpholinyl, thiamorpholinyl 
sulfoxide, thiamorpholinyl sulfone, and oxadiazolyl« Preferred heterocyclic 
radicalo for tho purpoooo of thia invontion aro imidasolyl, piporazinyl, 
pyridyl, morpholinyl, oetahydroindolyl, octahydroiooindolyl, quinolyl, 
iooquinolyl, and docohydroieoquinolyl. 

B Hotorocyclylalkyl° refers to a radical of the formula -jy*, where R,, is 
alkyl ao dofinod abovo and R, is hoterocyelyl ao dofinod above, e.g., quinol- 
2-ylmothyl, pyrid-2-ylmothyl, imidaz 1-1-ylmothyl, morpholin~4-yimethyl, 
4-mathylpipQrazin=l-ylmothyl, and the like. 

w Hatorocyclylcarbonyl° refers to a radical of the formula ~C(0)Rf where 
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R, io hetaroeyclyl as defined above, e.g., quinolylcarbonyl, 
octahydrolndolylcarbonyl, ahd the like. 

"Heterocyclyloxyalkanoyl" reform to a radical of the formula -C(0)R,OR, 
where R, is alkyl as defined above and R, is heterocyclyl as defined above r 
5 e.g., 2- (quinolyl-2-yloxy) ethanoy! , and the like. 

"Carbamoyl" refers to the radical -C(0)NH 2 . 

"Monoalkyiearbamoyl" refers to a radical of the formula -C(0)NH(R.) 
where R, is alkyl as defined above, e.g., K-methylcarbamoyl, tf-ethylcarbamoyl, 
and the like. 

10 "Dialkylearbamoyl" refers to a radical of the formula -C(0)N(RJ 2 where 

each R, is independently alkyl as defined above, e.g., tf,ir-dimethylcarbamoyl, 
K,/f-diethyl carbamoyl, w,tf-ethylmethylcarbamoyl, and the like. 

"Optional" or "optionally" means that the subsequently described event 
of circumstances may or may not occur, and that the description includes 

15 instances where said event or circumstance occurs and instances in which it 
does not. For example, "optionally substituted aryl" means that the aryl 
radical may or may not be substituted and that the description includes both 
substituted aryl radicals and aryl radicals having no substitution. 

"Optionally substituted aryl" refers to a phenyl or naphthyl group 

20 optionally substituted by one or more substituents selected from the group 
consisting of halo, alkyl, alkoxy, hydroxy, and nitro, e.g., 4-nitrophenyl , 
4-fluorophenyl, 4-hydroxyphenyl, 3-hydroxyphenyl, and the like. 

"Optionally substituted aralkyl" refers to an aralkyl radical, as 
defined above, wherein the phenyl or naphthyl group thereof is optionally 

25 substituted by one or more substituents selected from the group consisting of 
halo, alkyl, alkoxy, hydroxy, and nitro, e.g., 4-hydroxybenzyl, 3,5-dichlor - 
phenylethyl, 6-methoxynaphthylmethyl, and the like. 

"Optionally substituted aralkanoyl" refers to aralkanoyl radicals, as 
defined above, wherein the phenyl or naphthyl group thereof is optionally 

30 substituted by one or more substituents selected from group consisting of 
halo, alkyl, alkoxy, hydroxy, and nitro, e.g., 2-(4-bromonaphth-2-yl)- 
ethanoyl, 2- (6-methoxynaphth-l-yl) ethanoy 1, and the like. 

"Optionally substituted aroyl" refers to aroyl radicals, as defined 
above, wherein the phenyl or naphthyl group thereof is optionally substituted 

35 by one or more substituents selected from a group consisting of halo, alkyl, 
alkoxy, hydroxy and nitro, e.g., 4-bromobenzoyl, 2- ( 3 , 5-dichloro- 
pheny 1 ) ethanoy 1 , and the like. 

"Optionally substituted aryloxyalkanoyl" refers to a aryloxyalkanoyl 
radical, as defined above, wherein the phenyl or naphthyl group thereof is 

40 optionally substituted by ne r more substituents independently selected from 
the gr up consisting of halo, alkyl, alkoxy, hydroxy, nitro, and 
heterocyclylalkyl, as defined above. Examples include, but are not limited to 
2- ( 6-bromonaphth-l-yl ) oxyethanoyl , 2- ( 4-methoxy-phenoxy ) ethanoy 1 , 
2- ( 3- ( morph lin-4-ylmethyl ) phenoxy ) ethanoy 1 , 2- ( 3- ( 4-methylpiperasinylmethyl ) - 

45 phenoxy) ethanoy 1, 2*(3-(imidazol-l«ylmethyl)phenoxy)ethanoyl, and the like. 
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"Optionally oubotituted heterocydylcarbonyl 0 reforo to a 
heterocyclylcarbonyl radical, ao defined above, wherein the heterocyclyl group 
thereof io optionally substituted by on® or mora oubotituento selected from 
the group consisting of halo, allcyl and alkoxy, e.g., 4-bromoquinol-2- 
5 ylcarbonyl, and the like. 

"Optionally substituted heterocyclyloxyalkanoyl 0 refero to a 
heterocyclyloxyalkanoyl radical, as defined above, wherein the heterocyclyl 
group thereof is optionally substituted by on© or moro oubstituents selected 
from the group consisting of halo, alkyl and alkoxy, e.g., 2-(6-bromoquinol-2- 
10 yloxy)ethanoyl, or 2«(8«^thoxyguinol-2-yloxy)Qthanoyl, and tho like, 

"Optionally subotituted carbamoyl 0 roforo to a carbamoyl radical, ao 
defined above, wherein the nitrogen atom thereof is optionally substituted by 
an alkyl group, a haterocycyl group, or a heteroeyclylalkyl group as defined 
above. If present, the alkyl group may be optionally oubstituted by hydroxy, 
15 e.g., l-hydroxy-2-methylprop-2-yl, and the like. Examples include, but are 

not limited to, tf-(l-hydroxy-2-methylprop-2-yl) carbamoyl, K-methyl-#-(pyridin- 
2-ylmethyl) carbamoyl, and the. like. 

"Amino-protecting group* 3 as used herein refero to thoso organic groupo 
intended to protect nitrogen atoms againat undeoirablo reaetiono during 
synthetic procedureo, and includeo, but io not limited to, bensyl, acyl, 
acetyl, bensyloxycarbonyl (carbobensyloxy) , p-mothoxybenzyloxycarbonyi, 
p-nitrobensyloxycarbonyl, t-butoxyearbonyl, and the like. 

"Pharmaeeutieally acceptable salt" includeo both acid and base addition 

salts. 

"Pharmaeeutieally acceptable acid addition salt" refers to those salto 
which retain the biological effectiveness and propertied of the free bases, 
which are not biologically or otherwise undeoirable, and which are formed with 
inorganic aeido such ao hydrochloric acid, hydrobromic acid, sulfuric acid, 
nitric acid, phosphoric acid and the like, and organic acido such as acetic 
acid, propionic acid, glycolie acid, pyruvic acid, oxalic acid, maleic acid, 
malonic acid, ouecinie acid, fumaric acid, tartaric acid, citric acid, benzoic 
acid, einnaaie acid, mandelic acid, mothanooulfonic acid, ethanesulfonic acid, 
p-toluonooulfonie acid, salicylic acid, and tho like. 

"Paarsaeeutieaily accept able baoo addition oalt° refero to thooe salto 
which rotain tho biological offoctlvonooo and propcrtioo of tho free acido, 
which are not biologically or otherwise undooirable. These salts are prepared 
from addition of an inorganic baoo or an organic baoo to the free acid. Salto 
derived from 'inorganic baoeo include, but aro not limited to, tho oodium, 
potaooium, lithium, ammonium, calcium, magnooium, iron, sine, coppor, 
raonganooo, aluminum oalto and the liko» Proforrod inorganic oalto are tho 
ammonium, o dium, potaooium, calcium, and magnooium oalto « Salto derived from 
organie baoeo include, but aro not limited to, oalto of primary, secondary, 
and tortiary aminoo, oubotitutod amino □ including naturally occurring 
subotitutod aminoo, cyclic amines and baoic ion exchange reoino, such as 
ioopropylomine, trixnethylamine, diethylamide, triothyl amine, tripropylamine, 
Qthanolamine, 2-diaothylaainoothanol , 2-diathylaminoothanol, trimethamine, 
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dicyclohexylamine, lysine, arginine, histidine, caffeine, procaine, 
hydrabamine, choline, betaine, ethy lenediamine , glucoeamine, methylglucamine, 
theobromine, purines, piperaxine, piper idine, ir-ethylpiperidine, polyamine 
resins and the like. Particularly preferred organic bases are isopropylamine, 
5 diet hy lamina, ethanolamine, trimethamine, dicyclohexylamine, choline and 
caffeine* 

"Mammal" includes humans and all domestic and wild animals, including, 
without limitation, cattle, horses, swine, sheep, goats, dogs, cats, and the 

like. 

10 "Therapeutically effective amount" refers to that amount of a compound 

of formula (I) which, when administered to a mammal in need thereof, is 
sufficient to effect treatment, as defined below, for disease-states 
alleviated by inhibition of HIV protease. The amount of a compound of formula 
(I) which constitutes a "therapeutically effective amount" will vary depending 

15 on the compound, the disease-state and its severity, and the mammal to be 

treated, but can be determined routinely by one of ordinary skill in the art 
having regard to his own knowledge and to this disclosure. 

"Treating" or "treatment" as used herein cover the treatment of a 
disease-state in a mammal, particularly in a human, which disease-state is 

20 alleviated by inhibition of HIV protease, e.g., AIDS, ARC, HIV infection, and 
the like; and include: 

(i) preventing the disease-state from occurring in a mammal, in 
particular, when such mammal is predisposed to the disease-state but has not 
yet been diagnosed as having it; 

25 (ii) inhibiting the disease-state, i.e., arresting its development; or 

(iii) relieving the disease-state, i.e., causing regression of the 
disease-state. 

"Stereoisomers" refers to compounds having identical molecular formulae 
and nature or sequence of bonding but differing in the arrangement of their 

30 atoms in space. 

The nomenclature used herein is basically a modified form of I.U.P.A.C. 
nomenclature wherein compounds of the invention are named as derivatives of 
the R 7 moiety, e.g., prolinamlde, octahydroindolecarboxamide, 
decahydroquinollnecarboxamide, octahydroisoindolecarboxamide, and the like. 

35 The compounds of formula (I), or their pharmaceutical ly acceptable 

salts, have at least two asymmetric carbon atoms in their structure, one to 
which R 4 is attached and the other to which R* and R* are attached. In 
addition, certain R 7 substituents may also contain asymmetric carbon atoms. 
The compounds of formula (I) and their pharmaceutically acceptable salts may 

40 therefore exist as single stereoisomers, racemates, and as mixtures of 

enantiomers and diastereomers. All such single stereoisomers, racemates and 
mixtures thereof are Intended to be within the sc pe of this invention. 

When naming the single store isomers of compounds of formula (I) an 
absolute descriptor, R or 5, may be assigned to the chiral carbon atoms 

45 therein acc rding to the "Sequence Rule" procedure of Cahn, Ingold and Prelog. 
Stereoisomers of compounds of formula (I) wherein the carb n to which R 4 is 
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attachod and tho carbon 1:0 which R 5 and R tf aro attached are both in the B S a 
configuration are particular ly preferred. In addition , thooo flections of 
compoundo of formula (I) which included R 3 , together with tho nitr gen atom 
and earbonyl group to which it is attached, may define an a-amino acid residue 
5 and are named as such. For example, a compound of formula (X) wherein R 1 is 
2-(naphth-i-yloxy)ethanoyl; R 2 is hydrogen; R 3 is carbamoylmethyl: R 4 is 
benzyl; R J is hydrogen; R tf is hydroxy; and R 7 is 



10 




15 where R 10 is if-t-butylcarbamoyl; i.e., a compound of the following formula: 



20 




is named herein as (2S,3aS,7aS)-l-[ (2S,3S)-3-(2-(naphth-l-yloxy)ethanoyl- 
L-asparaginyl) amino-2-hydroxy-4-phenylbutanoyl ] octahydro indole- 2 -tf ' - 1- 
butylcarboxaxaido . 

30 

Utility oa£ Afiniaioteation 
A. Utility 

Tho co mpo undo of formula (I) aro useful in the inhibition of the 
proteaoo virally encoded by the human deficiency virus (HIV), thereby 

35 proventing production of tho virus. Tho compoundo of formula (I) are 
therefore useful in treating diseaee-otatoo which aro alleviated by the 
inhibition of HIV proteaoe, such ao Acquired Immune Deficiency Syndrome (AIDS) 
and AIDS Rolatod Complex (ARC). In addition, tho compoundo of formula (I) 
provent infection by BXV by not allowing the viruo to replicate within the 

40 cello of tho body after initial exposure to HIV, e.g., by a blood transfusion, 
an aecidontal noodle stick, or exposure to patient blood. 
Bo Tooting 

Tho ability of the compounds of f rmula (I) to inhibit HIV protease or 
tho production of HIV can be demonotrated by a variety of in vitro assays that 
45 aro known to thooe of ordinary skill in tho art, ouch as the in vitro aooay 
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described in Blochem. Blophys. Res. Coamun. (1989), Vol. 164, pp. 955-960, or 
a modification thereof; or the in vitro cell assay described in Blochem. 
Pharmacol. (1987), Vol. 36, pp. 4361-2. 
C. General Administration 
5 Administration of the compounds of formula (I), or their 

pharmaceutical ly acceptable salts, in pure form or in an appropriate 
pharmaceutical composition, can be carried out via any of the accepted modes 
of administration or agents for serving similar utilities. Thus, 
administration can be, for example, orally, nasally, parenterally, topically, 
10 transdermal ly, or rectally, in the form of solid, semi-solid, lyophilized 

powder, or liquid dosage forms, such as for example, tablets, suppositories, 
pills, soft elastic and hard gelatin capsules, powders, solutions, 
suspensions, or aerosols, or the like, preferably in unit dosage forms 
suitable for simple administration of precise dosages. The compositions will 
15 include a conventional pharmaceutical carrier or exeipient and a compound f 
formula (I) as the/an active agent, and, in addition, may include other 
medicinal agents, pharmaceutical agents, carriers, adjuvants, etc. 

Generally, depending on the intended mode of administration, the 
pharmaceutically acceptable compositions will contain about 1% to about 99% by 
20 weight of a compound(s) of formula (Z), or a pharmaceutically acceptable salt 
thereof, and 99% to 1% by weight of a suitable pharmaceutical exeipient. 
Preferably, the composition will be about 5% to 75% by weight of a compound(s) 
of formula (I), or a pharoaceutically acceptable salt thereof, with the rest 
being suitable pharmaceutical excipients. 
25 The preferred route of administration is oral, using a convenient daily 

dosage regimen which can be adjusted according to the degree of severity of 
the disease-state to be treated. For such oral administration, a 
pharmaceutically acceptable composition containing a compound (s) of formula 
(I), or a pharmaceutically acceptable salt thereof, is formed by the 
30 incorporation of any of the normally employed excipients, such as, for 

example, pharmaceutical grades of mannitol, lactose, starch, pregelatinized 
starch, magnesium a tear ate, sodium saccharine, talcum, cellulose ether 
derivatives, glucose, gelatin, sucrose, citrate, propyl gal late, and the like. 
Such compositions take the form of solutions, suspensions, tablets, pills, 
35 capsules, powders, sustained release formulations and the like. 

Preferably such compositions will take the form of capsule, caplet or 
tablet and therefore will also contain a diluent such as lactose, sucrose, 
dicalcium phosphate, and the like; a d is integrant such as croscarmelloee 
sodium or derivatives thereof; a lubricant such as magnesium stearate and the 
40 like; and a binder such as a starch, gum acacia, polyvinylpyrrolidone, 
gelatin, cellulose ether derivatives, and the like. 

The compounds of formula (I), or their pharmaceutically acceptable 
salts, may also be formulated into a suppository using, for example, about 
0.5% to about 50% active ingredient disposed in a carrier that slowly 
45 dissolves within the body, e.g., polyoxyethylene glycols and polyethylene 
glycols (PEG), e.g., PEG 1000 (96%) and PEG 4000 (4%). 
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Liquid pharmaceutically administrable compositiono can, for example, be 
prepared by diooolving, dispersing, etc., a compound(s) of formula (I) (about 

to about 20S), or a pharmaceutically acceptable salt thereof, and 
optional pharmaceutical adjuvanto in a carrier, such as, for ax amp Is, water, 
5 saline, aqueous dextrose, glycerol, ethanol and the like, to thereby form a 
solution or cm spans ion. 

If deoired, a pharmaceutical composition of the invention may also 
contain minor amounts of auxiliary substances ouch ao wetting or emulsifying 
agents, pH buffering agents, antioxidants, and the like, such as, for example, 
10 citric acid, aorbitan mono laur ate, triethanolamino oleate, butylatod 
hydroxyto luen© , et c • 

Actual methods of preparing such dosage formo are known, or will be 
apparent, to those skilled in this art; for example, see Remington's 
PharmacQvtlc&l Sciences, 18th Ed. , (Mack Publishing Company, East on, 
15 Pennsylvania, 1990). The compooition to be administered will, in any event, 
contain a therapeutically effective amount of a compound of formula (I), or a 
pharmaceutically acceptable salt thereof, for treatment of a disease-state 
alleviated by the inhibition of HIV protease in accordance with the teachings 
of thio invention. 

20 The compound □ of formula (I), or their pharmaceutical ly acceptable 

salts, are administered in a therapeutically effective amount which will vary 
depending upon a variety of factors including the activity of the specific 
compound employed, the metabolic stability and length of action of the 
compound, the age, body weight, general health, sex, diet, mode and time of 

25 administration, rate of excretion, drug combination, the severity of the 
particular disease-states, and the host undergoing therapy. Generally, a 
therapeutically effective daily dose io from about 0.14 mg to about 14.3 mg/kg 
of body weight per day of a compound of formula (I), or a pharmaceutically 
acceptable salt thereof; preferably, from about 0.7 mg to about 10 mg/kg of 

30 body weight per day; and most preferably, from about 1.4 mg to about 7.2 mg/kg 
of body weight per day. For example, for administration to a 70 kg person, 
the dooago rango would be from about 9.8 mg to about 1.0 gram per day of a 
compound of formula (X), or a pharmaceutically acceptable salt thereof, 
preferably from about 50 rag to about 700 mg per day, and moot preferably from 

35 about 100 mg to about 500 mg per day. 

Proforrod Bnbodinonto 

& preferred group of the compoundo of formula (I), ao described above in 
the Summary of tho Invention, are those compounds wherein the carbon to which 
40 R* io attachod io in the S-conf iguration and tho carbon to which R 5 and K 6 are 
attached io in tho S-conf iguration; and wherein 

R 1 io aralkoxyearbonyl, optionally subotituted aryloxyalkanoyl, optionally 

subotituted carbamoyl or ptionally substituted heterocyclylcarbonyl; 
R 3 io alkyl optionally oubstituted by carbamoyl; 
R 4 io optionally oubatituted aralkyl; 
R 5 io hydrogen; 
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R a iB hydroxy; and 

R 7 is selected from the group consisting of: 



5 




wherein 

10 R 10 is monoalkylcarbamoyl. 

A preferred subgroup of this group of compounds are those compounds 
wherein R 1 is optionally substituted aryloxyalkanoyl; R 3 is 1-methylethyl or 
methyl substituted by carbamoyl; and R 4 is benzyl. Within this subgroup of 
compounds, more preferred are those compounds wherein R l is 2-(naphth-l- 

15 yloxy)ethanoyl or 2-phenoxyethanoyl. 

Another preferred subgroup of compounds are those compounds wherein R' 
is optionally substituted heterocyclylcarbonyl; R 3 is 1-methylethyl or methyl 
substituted by carbamoyl; and R 4 is benxyl. Within this subgroup , more 
preferred are those compounds wherein R 1 is quinol-2-ylcarbonyl* 

20 Another preferred subgroup of compounds are those compounds wherein R 1 

is optionally substituted carbamoyl; R 3 is 1-methylethyl or methyl sut lituted 
by carbamoyl; and R 4 is benzyl. Within this subgroup, more preferred 
compounds are those compounds wherein R 1 is tf-methyl-tf- (pyridin-2- 
yl methyl ) carbamoyl . 

25 Presently, the most preferred compounds of formula (I) are the 

following: 

( 2S, 3aS, 7aS) -1- [ ( 25, 35) -3- ( 2- ( naphth-l-yloxy )ethanoyl-L-aBparaginyl ) amino- 
2-hydroxy-4-phenylbutanoyl ]octahydroindole-2-tf '-t-butylcarboxamide; 

(15,3a£,7a5)-2-[(25,35)-3-(2-( naphth-l-yloxy ) ethanoyl-L-asparaginyl ) -amino- 
30 2-hydroxy-4-pheny lbutanoyl ] octahydroisoindole-l-tf '-t-butylcarboxamide ; 

( 15, 3a5 r 7 a* ) -2- [ ( 25, 3S) -3- { 2- < naphth-l-yloxy ) ethanoyl-L-asparaginyl ) - 
amino-2-hydroxy-4-phenylbutanoyl ]octahydroisoindole-l-K '-t- 
buty lcarboxamide ; 

( 2S , 3aS , 7aS ) -1- [ ( 25 , 35) -3- ( 2- ( naphth-l-yloxy ) ethanoyl-L-valy 1 ) amino-2- 
3 5 hydroxy-4-phenylbutanoyl ] octahydroindole-2 -N ' - 1 -butyl car boxamide ; 

( 25 , 3aS, 7aS) -1- [ ( 2S, 35) -3- ( 2- ( naphth-l-yloxy ) ethanoyl-L-valyl ) amino-2- 

hydroxy-4-phenylbutanoyl ] octahydroindole-2 -K '-iso-propy lcarboxamide ; 
( 2S, 3 a5 , 7a5) -1- [ ( 25, 35) -3- ( 2-phenoxyethanoyl-L-asparaginyl ) amino-2-hydroxy- 

4-phenylbutanoyl ) octahydroindole-2 -V '-t-butylcarboxamide; 
40 ( 2S, 3aS, 7a5)-l- [ (25, 35) -3- (quinol-2-ylcarbonyl-L-asparaginyl) amino-2- 

hydroxy-4-pheny lbutanoyl ) octahydroindole-2-ir ' - t-butylcarboxamide ; 
( 15, 3a5, 7 a*) -2- [ (25, 35) -3- < quino 1-2 -ylcar bony 1-L-aoparaginyl ) amino-2- 

hydroxy-p4-pheny lbutanoyl ) octahydr isoindole-l-tf ' - t-butylcarboxamide ; 
( 15 , 35 , 5S ) -N- [ ( 25 , 35 ) -3- ( 2 - ( naphth-l-yl xy ) ethanoyl-L-asparaginyl ) amino- 



WO 93/13066 



PCT/US92/10772 



-14- 

2-hydroxy-4-phenylbutanoyl ) J -2-azabicyclo [3.3.0} octane-3-tf ' - 1- 
butylearboxamid© 

(2S,3aS, 7aS) -1- £ (2S f 3S) -3- ( quinol-2-ylcarbonyl-L-valyl ) amino-2-hydro*y-4- 
phenylbutanoyl J octahydrcindole-2-tf '-t-butylcarboxamide ; and 
5 (2S, 3aS, 7aS) -l-[ (2S, 3S) -3- (ff 0 «methyl-tf°- (pyridin-2-ylmethyl ) carbamoyl- 
L-valyl ) amino-2-hydro:cy~4-phenylbutanoyl ] octahydroindole-2-tf 
t-butylcarboxamide • 

Preparation of Coopouado of Perouia (I) 

10 Compoundo of formula (I) , as single otoreoioomers, or as mixtures 

thereof, and their pharmaceutical acceptable Gaits, are peptide derivatives 
which can be prepared from the constituent a-amino acids. Standard methods 
for the formation of peptide bonds are further illustrated by M. Bodanssky et 
alo, The Practice of Peptide Synthesis (1984), Springer-Verlag; M. Bodanssky, 

15 Principles of Peptide Synthesis (1984), Springer-Verlag; J. P. Greenstein et 
al., Chemistry of the Amino Acids (1961), Vol. 1-3, John Wiley and Sons Inc.; 
G.R. Pettit, Synthetic Peptides (1970), Vol. 1-2, Van Nostrand Reinhold 
Company. 

Amide couplings used to form th<s compoundo of formula (X) are generally 
20 performed by the carbodiimide method with roagento such as dicyclohexyl- 
carbodiimide (DCC) , or V '-ethyl, H '-(3-dimethylaminopropyl) -carbodiimide 
(EDCX) in the preoence of l-hydroxybensotriasole (HOST) in an inert solvent 
such as dimathylf ormamide (DMF) • Other methods of forming the amide or 
peptide bond include, but are not limited to, synthetic routes via an acid 
25 chloride, acyl aside, mixed anhydride or activated eoter such as nitrophenyl 
ester. Typically, solution phaoe amide couplings with or without peptide 
fragments are pear formed. 

The oolection of protecting groups for tho terminal amino or carboxy 
groups of compoundo used in the preparation of the compounds of formula (I) ia 
30 dictated in part by tho particular amid® or peptide coupling conditions, and 
in part by tho amino acid and/or peptide component o involved in the coupling. 
Amino-protoeting groupo commonly uoed ineludo thoso which are well-known in 
the art, for osaaplo, bensyloxycarbonyl (carbobonzyloxy) , p-methoxybensyl- 
oxycarbonyl, p-nltrobonsyloxycarbonyl, t-butojryearbonyl (Boc), and the like. 
35 It is proforrod to uoo oither Boc or bonsyloxycarbonyl ( Q CBZ°) ao the 

protecting group for the a~amino group bocauoo of the relative ease of its 
removal by mild acido, Q.g. , by trifluoroacotat© acid (°TFA°) or hydrochloric 
acid in othyl acotato; or by catalytic hydrogenation. 

Sho individual otorooioomero of compoundo of formula (I) may be 
SO ooporatod from oaeh other by mathodo known to thooo of ordinary skill in the 
art, o«g 0 , by aoloetivo cryotallisation or by chr matography, and/or by the 
mothodo dioel ood herein. 

t?hon any variable, o.g., R 3 , R !0 r G, occuro more than once in any 
□ubotituont or in any formula described heroin, ito definition on each 
S5 oecurronco, unlooo opacified othorwioo, io independent of ito definition at 
©vary othor oecurronco. Combinations of substituento and/or variables are 
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permissible only if such combinations result in stable compounds* 
A. Preparation of Starting Materials: Compounds of formula (F). 
Compounds of the following formula (P); 

R 4 o 

OR 16 

0R It) 

where R 4 is optionally substituted aryl or optionally substituted aralkyl, 
10 preferably benzyl; R 4 is hydrogen, R*ia hydroxy, and R u is alfcyl are used in 
the preparation of compounds of formula (I) and are prepared as shown in the 
following Reaction Scheme la where R 4 is optionally substituted aryl or 
optionally substituted aralkyl, preferably benzyl; R" is alkyl, X is brom or 
chloro and each G, group is the same and is benzyl: 
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Reaction Scheme la 



R* 



•OH C ' X (Pb) - >^/0H 
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4b. (Po) » StV^tjh ^ (") 

c t OH 



(PC) 



5- ' (Fl) 



R 0 

^tK^Y^OR 18 
H OH 



40 (?) 



Cosapoundo of formula (Fa) - uoad in Stop 1 of Reaction Scheme la, for example, 
phony laloaiaol, tyroainol and the like, aro cemaereially available, for 
45 aaramplQ, from Aldrich company, or may bo proparod by methodo known to th oo of 
ordinary akill in tbo art. Preferably , in Reaction schema la, compoundo of 
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formula (Fa) are ouch that the carbon to which the R 4 substituent is attached 
is in the "S" configuration. 

Compounds of the formula R^OH used in steps 4a and 4b of Reaction Scheme 
la, for example , methanol and ethanol, are commercially available , for 
5 example, from Aidrich Company, or may be prepared by methods known to th se of 
ordinary skill in the art. 

Compounds of formula (Fb), for example, benzyl bromide and benzyl 
chloride, used in step 1 of Reaction Scheme la, are commercially available, 
for example, from Aidrich Company, or may be prepared by methods known to 

10 those of ordinary skill in the art. 

In general, a compound of formula (F) is prepared by the process 
described by Reaction Scheme la by first treating a compound of formula (Fa) 
with 2.2 to 2.5 molar equivalents of a compound of formula (Fb) in the 
presence of a base, preferably potassium carbonate, in refluxing water for a 

15 period of 1 to 5 hours, preferably for four hours. The resulting solution is 
then cooled and the compound of formula (Fc) is then isolated from the 
solution by conventional isolation techniques, for example, by extraction 
followed by chromatography (Step 1). 

In Step 2 a compound of formula (Fc) in an inert solvent, for example, 

20 methylene chloride, is treated with an oxidizing agent, preferably, oxalyl 
chloride and methyl sulfoxide in an inert solvent, for example, methylene 
chloride, at initial temperatures of below -60°C. The resulting solution is 
allowed to warm to room temperature and the corresponding compound of 
formula (Fd) is then isolated from the solution by conventional isolation 

25 techniques, for example, by extraction and chromatography. 

Compounds of formula (Fe) are prepared in Step 3 according to the 
procedure described in Tetrahedron Letters (1988), pp. 3295-3298, by M.T. 
Reetz, M.M. Orewes, K. Harms and W. Reif . In particular, a compound of 
formula (Fd) in an inert solvent, preferably methylene chloride, is added to a 

30 suspension of equimolar amount of ZnBr, in an inert solvent, preferably 

methylene chloride, at -30°C to about -10°C, preferably at -20°C. After about 
15 to 40 minutes, preferably after about 30 minutes, trimethylsilyl cyanide it 
added to the ZnBr? solution. The resulting mixture is stirred at -30°C to 
about -10°C r preferably at -20°C for about 3 to 5 hours, preferably for about 

35 4.5 hours. The compound of formula (Fe) is then isolated from the reaction 
mixture by conventional isolation techniques, for example, by extraction with 
an organic solvent, for example, ethyl acetate. RPLC analysis indicates that 
the compound of formula (Fe) is formed as two distinct diastereomers, i.e., a 
(25,35) diastereomer and a <2R,35) diastereomer, in a 95:5 ratio, 

40 respectively. 

The compound of formula (Fe) is then treated with a compound of formula 
R"OH, for example, ethanol or methanol, under acid hydrolysis conditions to 
form a compound f formula (Ff) (Step 4a). Th preferred conditions for this 
hydrolysis iny lve the bubbling of hydrogen chloride gas into an anhydr us 
45 protie s lvent, for example, a 3:1 mixture of ether and ethanol, at low 

temperatures, for example, 0°C. Normally, 8 to 10 mL of th 3:1 mixture of 
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anhydrous other and absolute ethanol is used for ovary gram quantity of 
compound of formula (Fe). X compound of formula (Fo) in a protic solvent, 
preferably anhydrouo ether, is then added to thio oolution. Th© resulting 
mixture io otirred at about 5°C for about 20 to about 28 houro, preferably for 
5 about 24 hours. Ice-cold water (0.6 to 0.8 mL per gram of compound of formula 
(Fe)) io then added to this mixture, which io than stirred for 2 to 3 days, 
preferably for about 2 days, at about 5°C. The mixture is then neutralized by 
the addition of base, preferably a mixture of sodium bicarbonate and ethyl 
acetate. A compound of formula (Ff ) and its eorreoponding amide are then 
10 isolated from the neutralised reaction mixture by conventional techniques, for 
example, by filtration, extraction, and chromatography. 

Alternatively, a compound of formula (Ff ) may be prepared by the proceso 
described by Step 4b of Reaction Seheme la. For example, a compound of 
formula (Fo) is treated with an acid, preferably concentrated hydrochloric 
15 acid, at refluxing temperatures for a period of 12 to 20 hours, preferably for 
about 16 hours. The pH of the resulting mixture is then adjusted with bao® to 
about pH 4. The compound of formula (Fg) io then isolated from the reaction 
mixture by conventional techniques, for example, extraction and 
chromatography, and then treated with an acidic oolution of a compound of 
20 formula R"OH, preferably a oolution of ethanol oaturated with hydrogen 

chloride gao, at room temperature for about 24 hours. The solvent io then 
removed from the reaction mixture, which is neutralised by base as described 
above. The compound of formula (Ff )' is then isolated from the reaction 
mixture by conventional methods of extraction. 
25 The amino-proteeting groups of the compounds of formula (Ff), i.e., the 

G l substituents, are removed by catalytic hydrogenation, for example, by 
hydrogenating an ethanolic solution of a compound of formula (Ff) over 20S 
Pd(OH)j/C at 50 poi H2 over a period of 16 to 24 hours, preferably over a 
period of '20 hours, to give a compound of formula (F). The preferred* 
30 conditiono are to employ 0.4 gram of the 20*3 Pd(OH) 2 /C catalyst to each gram 
of compound of formula (Ff ) used. 

Alternatively, compoundo of formula (F) can bo prepared from compounds of 
formula (E) ao illuotrated below in Reaction Scheme lb wherein R 4 io benzyl; 
R 15 io alkyl; and io benzyloxycarbonyl: 

35 

Roaetiea Seaooo lb 
R 4 0 R 4 0 

40 H OH H OH 

(E) <F) 

Compoundo of formula (E) may be prepared according t the procedures 
deoeribed in R. Herranz et ai., J • Org. Cfcos. (1990), V 1. 55, pp. 2232-2234; 
45 R. Horranz ofc ai., Synthesis (1989), pp. 703-706; R. Miohisawa ot ai., J • Org. 
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C/>em. (1977), V 1. 20, pp. 510-S15; F. Matsuda et al., Cheat. Letts. (1990), 

pp. 723-724; H. Harada et ai., Chew. Ph&rm. Bull. (1989), Vol. 37, No. 9, pp. 

2570-2572; K. lizuka et al., ^* Cham. Soc, Ghem. Comm. (1989), pp. 1678-1680; 

Y. Zto et al., tfeterocycies (1990), Vol. 30, pp. 299-302; Y. Kobayashi et al., 
5 Chem. Letts. (1990), pp. 17C9-1710; K. lisuka et al., J. ifed. Cheat. (1990), 

Vol. 33, pp. 2707-2714; O.H. Rich et ai., J. Org. Cheat. (1980), Vol. 45, pp. 

2288-2290; R.L. Johnson, J. Hed. Chem. (1982), Vol. 25, pp. 605-610. 

Preferably, for the purposes of Reaction Scheme lb, the compounds of formula 

(E) are such that the carbon to which the hydroxy is attached is in the "S" 
10 configuration, and that the carbon to which the R 4 substituent is attached is 

also in the m S m configuration. 

The amino-protecting group of a compound of formula (E), i.e., the G, 

eubstituent, is removed by catalytic hydrogenation, for example, a solution of 

a compound of formula (E) in alcohol, preferably methanol or ethanol, is 
15 hydrogenated over 10% Pd/C at 50 psi Bj for 6 to 12 hours, preferably, for 

about 8 hours. The compound of formula (F) is then isolated from the reaction 

mixture by conventional methods. 

B. Preparation of Compounds of Formula (la) and (I) 
20 Compounds of formula (Za) are compounds of formula (I) wherein R 1 is G„ 

an amino-protecting group selected from the group consisting of 
t-butoxycarbonyl, 2-(naphth-l-yloxy)ethanoyl and bensyloxycarbonyl; R 2 , R J , R 4 
and R 7 are as defined above in the Summary of the Invention; R* is hydrogen and 
R 6 is hydroxy. 

25 Compounds of formula (lb) are compounds of formula (I) wherein R 1 , R 2 , 

R 3 , R 4 and R 7 are as defined above in the Summary of the Invention; and R 3 is 
hydrogen and R 6 is hydroxy. 

Compounds of formulae (la) and (lb) are prepared as shown in the 
following Reaction Scheme 2 where R' J is alkyl and R" is hydrogen or 

3 0 p-nitr opheny 1 : 
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Coapoundo of formula ( ) usad in Stop 1 of Roaction Schame 2 are 
commercially available), for oxajaplQ, bonsylOKyearbonyl-L-aoparaginQ 
45 p-nitrophonyl ooter, t-butojcycarbonyl-L-aaparagino p-nitrophenyl ester, 
bensyloxyearbonyl L-valina« Other coopounde of formula (G), such as 
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benzyloxycarbonyl-tf ',K'-diethyl-L-asparagine, may be prepared by methods known 
in the art or by the method illustrated in Preparation 9 below. 

Compounds of formula (K) used in Step 3 of Reaction Scheme 2 are 
prepared according to standard procedures in the peptide literature, e.g., M. 
5 Bodansky, A. Bod an sky, The Practice ox* Peptide Synthesis, Springer-Verlag, 
1984. Por example , t-butoxycarbonyl-L-proline reacts with t-butylamine under 
standard peptide coupling conditions such as isobutylchloroformate, 
tf-raethylmorpholine or EDCI/ROBT in an inert solvent such as EDCI to give 
t-butoxycarbonyl-tf '-t-butyl-L-prolinamide. The t-butoxycarbonyl group can be 

10 removed by treating this compound with HC1 gas in dry methylene chloride for a 
period of 1 to 3 hours, preferably for 1 hour. Removal of the solvent yields 
H '-t-butyl-L-prolinamide hydrochloride which can be neutralized with base such 
as triethylamine in methylene chloride to give the free amine, tf'-t-butyl-L- 
prolinamide, i.e., a compound of formula (K) . 

15 Alternatively, when a benzyloxycarbonyl derivative is used, for example, 

benzyloxycarbonyl-tf '-t-butyl-L-(4R)-hydroxyprolinamide (prepared under similar 
conditions as described above), the benzyloxycarbonyl group is removed by 
catalytic hydrogenation. For example, a solution of benzyloxycarbonyl-tf'-t- 
butyl-L-(4R)-»hydroxyprolinamide in absolute ethanol is hydrogenated at 50 psi 

20 H; over 10% Pd/C to give the free amine*, IT'-t-butyl-L-(4R)-hydroxyprolinamide, 
i.e., a compound of formula (K) • 

In a similar manner other compounds of formula (K) can be prepared, 
e.g., octahydroindole-2-JT'-t-butylcarboxamide, octahydroisoindole-3-tf 
t-butylcarboxamide, or N ' -t-butyl-L- ( 4S) -hydroxyprolinamide • Furthermore, the 

25 synthesis of individual stereoisomers of an octahydroindoline amino acid was 
reported in Tetrahedron Letters, Vol. 31, No. 34, pp. 4889*4892 and in Drug 
Design and Discovery (1992), Vol. 9, pp. 11*28; and the synthesis of an 
individual stereoisomer of an azobicyclo[3.3.0)octane amino acid was reported 
in Hetarocycles (1989), Vol. 28, p. 957. These examples are for illustrative 

30 purposes only and shall not be viewed as limitations on the scope of the 
invention described herein. 

Compounds of formula (M) used in Step 5 of Reaction Scheme 2 are 
commercially available, for example, 1-naphthoxyacetic acid, 2-naphthoxyacetic 
acid, quinoline*2-carboxylic acid, for example, from Aldrich Co., or may be 

35 prepared by methods known to those of ordinary skill in the art. For example, 
6-bromo-2-naphthoxyacetic acid is prepared from ethyl bromoacetate, potassium 
carbonate and 6-bromo-2 -naphthol in DMF, followed by base hydrolysis. 

In general, a compound of formula (Xa) is prepared by treating a 
compound of formula (6), preferably, a compound of formula (G) where R 1 * is 

40 p-nitrophenyl, in an aprotic s Ivent, for example, tetrahydrofuran, for a 

period of up to four days, preferably for three days, at room temperature to 
form a compound of formula (H) (Step 1 f React! n Scheme 2). 

Alternatively, compounds of formula (H) may be prepared by other peptide 
couplings, for example, a compound f f rmula (G) where R" is hydrogen can be 

45 treated with 1*1 molar equivalents of H Bt and, preferably, ab ut 2.0 to about 
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2.5 molar equivalents of EDCI in an aprotic o lvent, preferably DMF, under an 
inert atmoophere, ouch as argon or nitrogen, at 0°C to about 5°C, f r about 30 
to about 60 minutes, preferably for about 45 minutes, to afford the activated 
ester. A molar equivalent amount of a compound of formula (F) in an aprotic 
solvent, for example, DMF, methylene chloride, or a combination of DMF and 
methylene chloride is then added to the activated ester in an aprotic solvent, 
for example, dimethy If ormamide . The resulting reaction mixture is then 
stirred at room temperature for about 12 to about 16 hours to afford a 
compound of formula (H) . 

A compound of formula (H) can then be hydrolysed under base conditions, 
preferably with IN sodium hydroxide in water/dioxane at 0°c for about 30 to 60 
minutes, to give the free acid, i.e., a compound of formula (J) (Step 2 of 
Reaction Scheme 2). 

A compound of formula (J) and a compound of formula (K) are then coupled 
under similar conditions as described above for the alternate preparation of 
compounds of formula (H) , for example, with EDCI and HOBt in DMF, to afford a 
compound of formula (la) (Step 3 of Reaction Scheme 2). 

Alternatively, other peptide couplings may be used to prepare compounds 
of formula (la) . For example, the compound of formula (J) can be reacted with 
about 1 to 1.1 molar equivalent of IT-methylmorpholine and about 1 to 1.1 molar 
equivalent of isobutylchloroformate at -10°C to -15 °C in an inert solvent, for 
example, tetrahydrofuran (THF) or DMF, or a combination of both, to afford a 
mixed anhydride. Subsequent reaction of this mixed anhydride with a compound 
of formula (K) for 12 hours affords a compound of formula (la), which can be 
isolated from the reaction mixture by conventional isolation techniques 
standard in the art of peptide chemistry, for example, extraction, column 
chromatography, and/or HPLC. 

The amino -protecting group of a compound of formula (la), i.e., the G 3 
substituent, can be removed when G 3 is benzyloxycarbonyl by catalytic 
hydrogenation, for example, by reacting the compound with 10ft Pd/C in absolute 
ethanol with 50 psi hydrogen, to afford a compound of formula (L) (Step 4 of 
Reaction Scheme 2). 

Compounds of formula (L) are then coupled with compounds of formula (M) 
under similar conditions as described above for the preparation of compounds 
of formula (Xa), for example, with EDCI and HOBt in DMF, to afford compounds 
of formula (lb) (Step 5 of Reaction Scheme 2). 

Compounds of formulae (la) and (lb) can further be oxidized by an 
oxidizing agent, for example, pyridinium dichromate in DMF/CH^lj, or by the 
methods described in, for example, J.G. Moffat, et al. , J* Am, Chem. 5oc, 
Vol. 87, pp. 5661-5669 and 5670-5678, to form compounds of formula (I) wherein 
R 5 and R* together form oxo. 

C. Alternate Method of Preparation of Compounds of Formula (la) 

Compounds of formula (la) are alternately prepared as shown in the 
following Reaction Scheme 3 where R 2 , R?, R 4 and R 7 are as defined above in the 
Summary of the Invention; R lff is hydrogen or p-nitropheny 1 ; each G 3 is the same 
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amino-protect ing group selected from the group consisting of t -but oxy car bony 1 , 
2-(naphth-l-yloxy)ethanoyl And benxyloxycarbonyl; and each G 4 is benzyl or one 
C 4 is benxyloxycarbonyl and the other G 4 is hydrogen: 



Reaction Scheme 3 

R 4 0 R 4 0 




25 

Compounds of formula (K) may be prepared by the methods described 
earlier in Reaction Scheme 2, or by methods known to those of ordinary skill 
in the art. 

Compounds of formula (Fg) where each G 4 is benzyl are prepared as 

30 described above in Reaction Scheme la. Compounds of formula (Fg) where on G 4 
is benxyloxycarbonyl and the other G 4 is hydrogen are prepared from the 
corresponding amino acid which has been treated with trimethylsilyl cyanide 
followed by benzyl chloroformata, as described in Preparation 7E below. 
Preferably, for the purposes of Reaction Scheme 3, the compounds of formula 

35 (Fg) are such that the carbon to which the R 4 substituent is attached is in 
the S-con figuration, and that the carbon to which the hydroxy group is 
attached is also in the S-conf iguration. 

Compounds of formula (G) are tf-protected a-amino acids that are 
commercially available, for example, from Aldrich Co* , or may be prepared by 

40 methods known to one of ordinary skill in the art. 

In general, a compound f formula (la) may be prepared by the process 
described by Reaction Scheme 3 by first reacting a compound of formula (K) 
with a compound of formula (Fg) wherein. b th G 4 groups are benzyl under 
standard peptide coupling conditions known in the art. For example, a 

45 solution of a compound of formula (Fg) and an equilmolar amount of H Bt in an 
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inort oolvent, preferably DMF, is cooled to about 0°C. An equilmolar amount 

f EDCI io than added to tho cooled solution and tho resulting mixture is 
stirred at about 0°C for about 40 to about 60 minutes, preferably for about 40 
minutes. A compound of formula (K) in an inert solvent, preferably methylene 
5 chloride, is then added to this solution, and tho resulting mixture is then 
stirred at room temperature for about 20 to about 26 hours, preferably for 
about 24 hours. A compound of formula (N) is then isolated from the solution 
by conventional methoda, for example, by extraction and chromatography (Step 1 
of Reaction Scheme 3 ) . 
10 Alternately, a compound of formula (Fg) wherein one G 4 is hydrogen and 

the other G 4 group is bensyloxycarbonyl io treated with a 1.1 molar equivalent 
amount of HOBt in an inert solvent, preferably DMF, at 0°C. A 2.0 molar 
equivalent amount of EDCI is then added to the solution and the resulting 
mixture is stirred at 0°C for about 30 to 40 minutes, preferably for about 35 
15 minutes. The solution containing the compound of formula (K) as described 
above is then added to the reaction mixture under similar conditions as 
described above to form a compound of formula (N) wherein one G 4 group is 
hydrogen and the other G 4 group is bensyloxycarbonyl. 

The amino-protecting groups of the compounds of formula (N) are then 
20 removed by catalytic hydrogenation to form compounds of formula (O). 

Compounds of formula (N) wherein both G 4 groups are benzyl are deprotected by 
hydrogenating a solution of the compound in alcohol, preferably ethanol over 
20% Pd(0H) 3 /C at 50 psi hydrogen for a period of about 16 to about 30 hours, 
preferably for about 24 hours. The preferred conditions require the use of 
25 0.4 to about 0.5 g of 20$ Pd(OH) 3 /C caralyot per gram of compound of formula 
(N) (Step 2 of Reaction Scheme 3). 

Alternatively, compounds of formula (N) wherein one G 4 group is hydrogen 
and the other G 4 group is bensyloxycarbonyl are deprotected by hydrogenating a 
solution of tho compound in alcohol, preferably ethanol, over 10$ Pd/C at 50 
psi hydrogen for a poriod of 1 to about 8 hours, preferably for about 2 hours. 

A compound of formula (O) is then coupled with a compound of formula (G) 
under similar conditions ao described abovo for the preparation of compounds 
of formula (la) in Reaction Scheme 2, for example, with EOCI, HOBt and DMF, to 
afford co mpo undo of formula (la). 

In summary, compoundo of formulae (la) and (Xb), which are compounds of 
formula (X), are prepared by: 

(1) reacting a compound of formula (J) where G, is an amino-protecting 
group oQloctod from the group consisting of t-butoxycarbonyl, 2-(naphth-l- 
yloxy)othanoyl and bonsyloxycarbony 1 ; R 2 , R 3 and R 4 are as defined above in the 
Summary of the Xnvontion; with a compound of formula (K) where R 7 is as defined 
above in the Summary of the Invention to form a compound f formula (Xa) where 
G,, R 2 , R 3 , R 4 , and R 7 are the same as defined abovo for the compound of formula 
(J) and tho compound of formula (K) ; or 

(2) troating a compound of formula (L) where R 2 , R 3 , R 4 and R 7 are as 
defined abovo in tho Summary of the Invention, with a compound of formula (M) 
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where R l is as defined ab ve in the Summary of the Invention, to form a 
compound of formula (lb) where R 1 , R 2 , R\ R 4 and R T are the same ae defined 
above for the compound of formula (L) and the compound of formula (M) ; or 

(3) reacting a compound of formula (0) where R 4 and R 7 are ae defined 
above for the Summary of the Invention, with a compound of formula (C) where 
C, is an amino-protecting group and is selected form the group consisting f 
t-butoxycarbonyl, 2-(naphth-l-yloxy)ethanoyl and benzyloxycarbonyl; R 2 and R 3 
are as defined above in the Summary of the Invention, and R u is hydrogen or p- 
nitrophenyl; to form a compound of formula (la) where C,, R 2 , R\ R 4 and R 7 are 
the same as defined above for the compounds of formulae (O) and (C); or 

(4) oxidizing a compound of formulae (la) or (lb) as described above 
with an oxidizing agent to form a compound of formula (I) where R 5 and R* 
together form oxo. 

In addition, all compounds of formula (I) that exist in free base form 
may be converted to their pharmaceutically acceptable salts by treatment with 
the appropriate inorganic or organic acid. Salts of the compounds of formula 
(I) can also be converted to the free base form or to another salt. 

The following specific preparations and examples are provided as a guide 
to assist in the practice of the invention, and are not intended as a 
limitation on the scope of the invention. 



Preparation 1 

Compounds of formula (Fc) 
A. A solution of phenylalaninol (10 g, 0.0661 mol) and benzyl bromide 
(17 mL, 0.146 mol) in 200 ml, potassium carbonate solution (30 g) was refluxed 
for four hours. The solution was cooled and extracted with ethyl acetate, the 
organic layer was dried over sodium sulphate and evaporated to yield tf,W-di- 
benzylphenylalaninol as a crude product. The compound was recrystallized from 
ether/hexane (yield: 18.5 g solid), m.p. 65-67 D C, MS: 331 (M*). 
30 B. A solution of tyrosinol hydrochloride (9.8 g, 0.048 mol) and 

benzyl bromide (16.5 g, 0.096 mol) in 200 mL potassium carbonate solution (30 
g) was refluxed for 8 hours. Benzyl bromide (16.5 g, 0.096 mol) was added and 
the mixture was refluxed for another 8 hours. The solution was cooled and 
extracted with ethyl acetate, the organic layer was dried over sodium sulphate 
35 and evaporated to the crude product. The material was purified by column 

chromatography (10% ethyl acetate shexane to 50% ethyl acetate shexane) to give 
6.05 g of K,tf-dibenzyl-o-benzyl tyrosinol, m.p. 112-113°C, and 4.5 g of N,X- 
dibenzyltyrosinol, m.p. 155-156°C. 



45 



Preparation 2 

Compounds f formula (Pd) 
A. A solution of dry methylene chloride (100 mL) and oxalyl chloride 
(5.37 mL, 0.0616 mol) was placed in 500 mL 3-neek flask equipped with a drying 
tube, a stopper and a septum. DHS (14.21 mL (Aldrich), 0.200 mol) was added 
slowly at -60°C to -65 °c over a peri d of 2 minutes. The reaction mixture was 
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atirrod for 5 minutoo and a oolution f tf,tf-dibensylphenylalaninol (18.5 g, 
0.056 mol) in dry CHjClj {100 cnX.) wao added; stirring was continued for another 
5 minuteo. Triethylamlne (23 ml, 0.165 mol) wao added and the roaetion 
mixture warmed up to room temperature. The mixture was poured onto ice-cold 
5 water and extracted with CHjCl*. The organic layer wao evaporated to a very 
email volume and redissolved in ethyl acetate. The ethyl acetate solution was 
washed five times with water, dried over sodium sulphate and evaporated to 
give jf,R-dibensylphenylalaninal. This compound wao purified by column 
chromatography (10$ ethyl acetate : hexan® ) ; yield: 18 g, IR: 1725 cm* 1 . 
10 B. In a similar manner, but replacing tf,ff-dibenzylphenylalaninol with 

y,tf-dibenzyl-0-benzyltyrosinol, tf,tf-diben2yl-0-ben2yltyrosinal waa prepared, 
IR: 1705 cm' 1 ; m.p. 75-76°C. 

Preparation 3 

15 Compoundo of Formula (Fa) 

A. A solution of ,lf-dibensylphenylalaninal (18 g, 0.055 mol) in dry 
CHXlj (100 mL) was added to a suspension of ZnBr 2 (14.15 g, 0.0618 mL) in dry 
CHjCl 2 (100 mL) at -20°C (dry-ice, CC1J under argon. After 30 minutes, 
trimethylsilyl cyanide (11.5 mL, 0.084 mol) wao added and the mixture was 

20 vigorously stirred at -20 °C for 4.5 houro. The material was poured onto ice- 
cold water and extracted. The CHjClj layer wao dried over MgS0 4 and evaporated 
to give an oil. The aqueous phase was further extracted three times with 
ether, the ether extract was dried over MgSO< and evaporated to give an oil. 
This gave a total of 21 g of a crude product, 3-tf,tf-dibenzylamino-2- 

25 trimethylsilyloxy-4-phenylbutyronitrile, which could be used without further 
purification. The product was analysed by analytical HPLC (CH 3 CN:HH<OAe 
buffer, pH 7; gradient: 100S buffer to 100$ CH 3 CN over 10 minutes run; flow 
rate: 3 mL/min. ) which indicated that the two diaotereomer s , 
(2S, 3S) -3-lf , jf-dib<snsylamino-2-triaethylsilyloxy-4-phenylbutyronitrile and 

30 (25,35)-3-F / If-dibensylamino-2-trimethylBilyloxy-4-phenylbutyronitrile, were 
formed in 95s 5 ratio, roopoctively. MS: 413 (tT-Me). 

B. In a similar manner, but replacing tf,tf-diben2ylphenylalaninal with 
Jf/tf-diionsyl-O-bonsyltyrooinai, 3-tf,tf-di£enzylamino-2-trimethylsilyloxy- 
4-(4 , -bensyloxyphenyl)butyronitrile was prepared, ao an oil. 

35 

Preparation 4 
Compoundo of Formula (Ff) 
A. Hydrogen chloride gao wao bubbled into a oolution of 150 mL 
anhydrous other and 50 mL absolutes ethanol for 5 minutes at 0°C. The solution 
40 wao stirred in an Aldrich cool-stir, which wao maintained at 5°C, and a 

solution of 3-ff / W«dibensylamino-2-trimethylsilyloxy-4-phenyl-butyronitrile (21 
g, exiating ao a 95:5 diastereomer mixture, ao described above in Preparation 
3) in 30 mL other wao added. The mixture wao otirred at 5°C for 24 hours. 
Ice-cold water (25 mL) was added dropwioe. The reouiting mixture wao 
45 vigorouoly stirrod at 5°C for another 48 hours. The mixture wao neutralized 



WO 93/13066 



PCI7US92/10772 



-27- 

by adding it e lowly to a mixtur of sodium bicarbonate and ethyl acetate in a 
large beaker. The ins luble inorganic was eucti n-filtered after 
neutralization and the mixture wag extracted with ethyl acetate. The ethyl 
acetate layer was dried over sodium sulphate &~c evaporated to give an oil 
5 which was purified by column chromatography (elution gradient: 10% ethyl 
acetate :hexane to 50% ethyl acetate : hexane ) . Overlapping fraction of the 
esters could be further purified by prep-HPLC (silica gel, 15% ethyl 
acetate : hexane ) . There was obtained 220 mg of (2^3S)-3-*r,tf-dibenzylamino- 
2-hydroxy-4-phenylbutanoic acid ethyl ester, 8.2 g of (2S,3S)-3-JT,tf-dibenzyl- 
10 amino-2-hydroxy-4-phenylbutanoic acid ethyl ester, as an oil, MS: 402 (M*-H); 
IR: 3500, 1725 cm 1 , and 1.1 g of (2S,3S)-3-K,tf-dibenzylamino-2-hydroxy- 
4-phenylbutanoic acid amide, recrystallized from ethyl acetate: hexane, m.p. 
118-119°C; MS: 331 (M+); IR: 3300, 1645, 1655 cm' 1 . 

B. in a similar manner, but replacing 3-IT,tf-dibenzylamino-2- 
trimethylsilyloxy-4-phenyl-butyronitrile with 3-tf,W-dibenzylamino-2- 
trimethylsilyloxy-4-(4 , -benzyloxyphenyl)butyronitrile, the following compounds 
were made: 

(25, 3S) -3-*T,tf-dibenzylamino-2-hydroxy-4- (4 ' -benzyloxyphenyl)butanoic acid 

ethyl ester, oil, MS: 510 (M*)/ and 
( 2R, 3S) -3-tf ,ir-dibenzylamino-2-hydroxy-4- ( 4 • -benzyloxyphenyl ) butanoic acid 
ethyl ester, oil, MS: 510 (M*). 

Preparation 5 

Compounds of Formula (Ff ) (Step 4b) 

A. A solution of (2S,3S)-3-IT / W-dibenzylamino-2-trimethylailyloxy-4- 
' phenylbutyronitrile and (2Jl,3S)-3-K / ir-dibenzylamino-2-trimethylsilyloxy-4- 

phenylbutyronitrile (2 g, 95:5 diastereomeric mixture) in dioxane (15 mL) was 
mixed with concentrated HC1 and re fluxed for 16 hours. The material was 
evaporated to dryness. A small amount of water was added and the pH of the 
solution was adjusted to pH 4 with NH«OH. The solution was extracted with 
ethyl acetate, the organic layer was dried over sodium sulphate and evaporated 
to give an oil. Column chromatography (elution gradient: 50% ethyl 
acetate: hexane to ethyl acetate to 12% MeOH:CHjCl,) gave 450 mg of 3-K,tf- 
dibenzylamino-2-hydroxy-4-phenylbutanoic acid, as an oil. The aqueous phas 
was purified by ion-exchange chromatography to give another 60 mg of the acid 
as a white solid, m.p. >250°C; MS: 374 (M* -H) . 

B. (2S,3S)~3-W,W-dibehzylamino-2-hydroxy-4-phenylbutanoic acid (7S0 
mg) was added to a saturated solution of hydrogen chloride in absolute 
ethanol. The mixture was stirred at room temperature for 24 hours. The 
solvent was removed In vacuo and the residue was mixed with ethyl acetate and 
NaHCOj soluti n. The mixture was extracted, the organic layer was dried over 
sodium sulphate, and evaporated t give an oil, which was pur if i d by e lumn 
chromatography (16% ethyl acetateshexan ) to give (2S,3S)-3-ff,w-dibenzylamino- 
2-hydroxy-4-phenylbutanoic acid ethyl ester as an oil, yield: 800 mg. 
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Proparafcios 6 

Compounds of Formula (?) (As prepared by Reaction Scheme la) 
A. Pd(OH)j/C (i.3 g, Aldrieh) wao added slowly to a solution of 
(2S f 3S)-3-y,H^iien2ylamiJio-2-hydro»y«4-phanylbutanoic acid ethyl eoter (2.6 
5 g) in absolute ethanol (200 mL) in a Parr bottlo under argon. The solution 
was hydrogenated at 50 poi Bj for 16 houro. Tho oolution was flushed with 
argon and tho catalyot filtered through Calite. The filtrate was evaporated 
to give (25, 3S) -3-amino-2-hydroxy-4«-phenylbutanoic acid ethyl aster as an oil r 
yield: 1.31 g, MS: 224 (M+H) 
10 B- In a similar manner, tho following compound wao made: 

(2S,3S)-3-amino-2-hydroxy-4-(4 , -hydroxyphsnyl)butanoic acid ethyl ester, 

MS: 240 (MB)*. 

Preparation 7 

15 Compounds of Formula (E) 

A. Jf-Hethylpiperidine (8,20 mL, 66.8 mmol) was added to a suspension 
of K^ethyl-O-methylhydroxyamine hydrochloride (8.14 g, 83.5 mmol) in CH 2 C1 2 
(SO mL) at 0°C and the resulting mixture wao stirred at 0°C for 30 minutes. 
Meanwhile, tf-methylpiperidine (8.20 mL, 66.8 mmol) was added to a solution of 

20 benzyloxyearbonyl-L-phenylalanin© (20 g, 66.8 mmol) in CHjCl 2 (50 mL) and 

tetrahydrofuran (50 mL) at 10°C. Methyl chloroformate (5.21 mL, 66.8 mmol) 
was added dropwise at -10°C to this solution, and the resulting mixture wao 
stirred for 10 minutes. The solution of the y-methyl-O-methylhydrojcyamino in 
CHXlj was added and the resulting mixture was stirred at room temperaturo 

25 overnight. The solvent wao evaporated and the residue was partitioned botwoon 
CH 2 Cl a and water. Tho organic layer wao washed with 0.2 W NaOH, brine, drxod 
over NasSOj and evaporated to give crudo benzyloxycarbonyl-L-phenylalanyl-tf- 
methyl-O-mathylamid©. The product wao further purified by column 
chromatography (30fc ethyl Acetate :hexon© to 70fc) to give 13.5 g of 

30 benayloxycarbonyl-L-phenylalanyl-ff-methyl-O-methylamide as an oil. 

Bo LiAIHa (332 mg, 8.73 mmol) wao added portionwise to 25 mL of dry 
tetrahydrofuran at 0°C under argon. A solution of benzyloxycarbonyl-L- 
phonylalanyl-iy-®Qthyl-0°mQthylamide (3 g, 8.76 mmol) in dry tetrahydrofuran 
(50 mL) wao added olowly at 0°C over 15 minuteo, and the resulting mixturo woo 

35 stirred for 60 minutoo at the oame temperature. A mixture of ethyl acetate 
and tetrahydrofuran (50 mL each) wao added slowly. After 15 minutes , the 
mixture wao poured olowly into ice-cold IN HC1 (100 mL) and then extracted 
with ethyl acotate. Th© organic layer wao washed with saturated NaCl, dried 
over W02S04 and evaporated to give an oil which wao further purified by column 

40 chromatography (30S ethyl acetate: hexane) to give benzyloxycarbonyl-L- 
phenylalaninal ao a s lid (2.11 g). 

C. A oolution of MaHSOj (0.773 g, 7.42 mmol) in water (5 mL) was 
added olowly t a oolution of bensyloxycarbonyl-L-phonylalaninal (2 g) in 
acotonitrilo (5 mL) at 5°C and tho mixture was otirred at S°C overnight. 

45 Ethyl acotate (60 mL) and a solution of KCW (0.966 g, 14.84 mm 1) in water (10 
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mL) were added and the resulting mixture were stirred at room temperature for 
4 hours. The organic layer was washed with water, dried over Na^S 4 and 
evaporated to give the cyan hydrin as an oil (2.24 g). 

D. A solution of the cyanohydrin (2.24 g) in dioxane (5 mL) and 

5 concentrated HC1 (15 mL) was re fluxed for 16 hours. The solution was cooled, 
adjusted to pH 7 with 2N NaOB and extracted with ether. The aqueous extract 
was loaded onto an ion-exchange column (Cation exchange resin AG50W-X8, 100- 
200 mesh hydrogen form). The material was eluted with water (500 mL), 
followed by IN NH 4 OH. The basic extract was evaporated to about 2 mL and 
10 mixed with acetone, the insoluble solid was filtered to give 3-amino-2- 
hydroxy-4-phenylbutanoic acid (1.45 g) . 

E. Trimethylsilyl cyanide (3.07 mL, 23 mmol) was added to a 
suspension of 3-amino-2-hydroxy-4-phenylbutanoic acid (1 g, 5.12 mmol) in 
CH 3 CN (20 mL) and stirred for 20 minutes. The suspension was cooled to 5°C, 

15 benzyl chloroformate (0.81 mL, 5.6 mmol) was added slowly and the mixture was 
stirred at room temperature for 4 hours. The mixture was mixed with ice-cold 
water and evaporated to remove CH 3 CN. The residue was extracted between ethyl 
acetate and water, the organic layer was dried over Na,S0 4 and evaporated to 

give 3-benzyloxycarbonylamino-2-hydroxy-4-phenylbutanoic acid as a solid (1.1 
20 g). 

F. A mixture of benzyloxycarbonyl-L-phenylalaninal (4.1 g, 14.57 
mmol) and tributyltin cyanide (5.53 g, 17.48 mmol) in dry CBjClj (150 mL) was 
stirred at -40°C for 30 minutes. The mixture was evaporated to dryness, the 
crude cyanohydrin was dissolved in a dried and cooled mixture of 

25 ether/methanol (3:1) at 0°C, previously saturated with HC1 (100 mL) . The 
solution was stirred at 5°C for 24 hours, ice-cold water (15 mL) was added 
dropwise, and the resulting mixture was stirred at 5° to 10 °C for 48 hours. 
The mixture was concentrated and extracted with CKjCl,. The organic layer was 
washed with water and brine, dried over Na 3 S0 4 and evaporated to give an oil (4 

30 g). The material was purified by column chromatography (28% ethyl 

acetate thexane) to give (2S,3S)-3-benzyloxy-carbonylamino-2-hydroxy-4- 
phenylbutanoic acid methyl ester (700 mg, m.p. 121-122°C) and 
(2A # 35)-benxyloxycarbonylamino-2-hydroxy-4-phenylbutanoie acid methyl ester 
(2 g, m.p. 94-95 # C). 

35 

Preparation 8 

Compounds of Formula (F) (As prepared by Reaction Scheme lb) 
A. A solution of (25,3S)-3~benzyloxycarbonylamino-2-hydroxy-4- 
phenylbutanoic acid methyl ester (1 g, 2.91 mmol) in anhydrous methanol was 
40 hydrogenated over 10% Pd/C at 50 psi hydrogen for 12 hours. The catalyst was 
filtered through Celite and the filtrate evaporated to give an oil. The oil 
was dissolved in ethyl acetate and dried over s dium sulphate. Solvent 
evaporation gave (2S,35)-3-amino-2-hydroxy-4-phenylbutanoie acid methyl ester, 
as an il (610 mg) , MS: 208 <*T-H) . 
45 B. In a similar manner, but replacing (25,35)-3-benzyloxycarbonyl- 
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amino-2-hydroxy-4-phonylbutanoic acid methyl ester with tho appropriate 

compound of formula (£)/ the following compound was mado: 

( 2R, 2S) -3-amino-2-hydroxy«-4-phanylbutanoic acid methyl aster, as an oil. 

5 Preparation 9 

Compounds of Formula (G) 

A. 1, 1 ' -carbonyldiimidazolQ (0.689 g, 4.23 mmol) was added to a 
solution of benzyloxycarbonyl-L-aspartic acid benzyl eater (1.513 g, 4.23 
mmol) in dry THF and the resulting solution was stirred at room temperature 

10 for 3 houro. Diethylamide (0.466 mL, 98$ pure, 4.23 mmol) wao added and the 
mixture wao stirred at room temperature overnight. Tho oolvent was removed 
under reduced pressure, the residue taken up in ethyl acetate. The ethyl 
acetate solution was washed successively with IN HC1, 0.5N NaOH, brine and 
dried over sodium sulphate. The solvent was evaporated in vacuo to give 

15 benzyloxycarbonyl-L-IT'/tf'-diethylasparagine benzyl ester as an oil (1.05 g), 
IR: 3320-3340, 1715, 1625 cm" 1 ; HS: 412 (If) . This oil could be used without 
further purification. 

B. In a similar manner, but replacing diethylamide with ethyl amine, 
the following compound of formula (G) wao prepared: 

20 benzyloxycarbonyl-L-Jf '-ethylaeparagine bensyl ester, m.p. 127-128°C; 
MS: 384 (£T) . 

C. Benzyloxycarbonyl-L-tf ',ff'-diethylasparagine benzyl ester (1.05 g) 
was hydrolyzed in 1H NaOH (8 mL) and dioxane (8 mL) at 0°C for 30 minutes. 
The solution was acidified with 3H HC1 and evaporated to remove dioxane. The 

25 aqueouo material wao extracted with ethyl acetate. The organic layer was 
waohed with brine, dried over sodium sulphate and evaporated to give 
benzyloxyearbonyl-L-tf r ,tf '-diethyl-asparagine (650 mg) as an oil, MS: 322 (M*). 

D. In a aim liar manner, but replacing benzyloxycarbonyl-L-K',K'- 
diethylasparagin© bensyl ester with banzyloxycarbonyl-L-W-ethylasparagine 

30 benzyl ©otor, the following compound of formula (G) was prepared: 

benzyloxycorbonyl-L-lf' -ethylasparagine, m.p. 145-146°C; MS: 294 (H**). 

Eo rart-butoxycarbonyl-L-aspartic acid fiHbenzyl ester (2 g, 
6.19 mmol) wao added to a oaturated solution of ammonia gas in absolute 
ethanol (100 mL). The oolution wao stirred at room temperature for two days. 

35 Solvent evaporation gavo an oil which wao extracted between ether and water. 
The aqueous layer wao acidified with 3N HCl to pH of 1 and extracted with 
ethyl acetato. Tho othyl acetate layor wao washed with brine, dried over 
oodium oulphato and evaporated to give 1.25 g of t-butoxycarbonyl-L-tf 
methylaoparagino ao a white solid, m.p. 164~165°C. 

40 Fo Alternatively, tf-methy Imorpho line (2.9 g, 28.7 mmol) was added to 

a oolution of 1-naphthoxyacGtic acid (5.06 g, 25.02 mmol) in dry THF (25 ml) 
at ~15°C, followed by the addition of ioobutyl choloroformate (3.5 g, 25.62 
mmol). After 5 minutes, a solution of L-vaiino benzyl eater. HOTs salt (9.65 
g, 25.43 mmol) in THF (30 ml) and EtjN (2.9 g, 28.71 mmol) was added. The 
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mixture was stirred at -15 °C for 2 hours and than at room temperature for 18 
hour a. The material waa concentrated under reduced pressure, and extracted 
with ethyl acetate and' water. The organic extract was washed with water, 
saturated NH 4 C1 solution, brine, dried over sodium sulphate, and evaporated to 
5 give an oil. This material was purified by column chromatography (25% ethyl 
acetate thexane) to give the 2-(naphth-l-yloxy)ethanoyl-L-valine benzyl ester 
(8.25 g). 

G. Proceeding, a solution of 2-(naphth-l-yioxy)ethanoyl-L-valine 
benzyl ester (4.38 g, 11.8 mmol) from above was hydrogenated over 10% Pd/C in 
10 absolute ethanol (100 ml) at 50 psi Bj for 1 hour. A thick precipitate was 
formed, the suspension was diluted with CH^Clj and suction filtered through 
Celite. The filtrate was concentrated to give 2-(naphth-l-yloxy)ethanoyl-L- 
valine as a white solid (3.3 g), m.p. 199-201°C. 

15 Preparation 10 

Compounds of formula (H) 

A. A solution of (25,35)-3-amino-2-hydroxy-4-phenylbutanoic acid 
methyl ester (610 mg, 2.95 mmol) and ben zyloxy car bony 1-L-ae par agine 
p-nitrophenyl ester (1.13 g, 2.92 mmol) in dry TRF was stirred under argon for 

20 2 days. The solvent was removed under reduced pressure and the residue 
purified by column chromatography (10% MeOH:CB*Cl 3 ) to give (25,35)- 

3- ( benzyloxycarbonyl-L-asparaginyl ) amino-2 -hydroxy- 4-phenylbutanoic acid 
methyl ester as a white solid (513 mg), m.p. 218-219°C. 

B. In a similar manner, but replacing ( 25,35) -3-amino-2-hydroxy- 
25 4-phenylbutanoic acid methyl ester with (2*,35)-3-amino-2-hydroxy- 

4- phenylbutanoic acid methyl ester, the following compound was made: 
( 2R , 35) -3- (benzyloxycarbony 1-L-asparaginyl ) amino- 2 - hydroxy- 4-phenyl- 

butanoic acid methyl ester, m.p. 188-189°C. 

C. in a similar manner, but replacing (25,35)-3-amino-2-hydroxy- 
30 4-phenylbutanoic acid methyl ester with (25,35)-3-amino-2-hydroxy-4-(4 ' - 

hydroxy ) pheny lbutanoic acid methyl eeter, the following compound was made: 
( 25 , 35) -3- ( benzyloxycarbonyl-L-asparaginyl ) amino-2-hydroxy-4- ( 4 • -hydroxy ) - 
phenylbutanoic acid ethyl ester, m.p. 190-192°C, MS: 488 (M+H)*. 



35 Preparation 11 

Alternate Preparation of Compounds of formula (H) 
A. EDCI (0.65 g, 1.43 mmol) was added to a solution of 
benzyloxycarbonyl-L-IT ,lf'-diethylasparagine (0.46 g, 1.43 mmol) and HOBt 
(0.193 g, 1.43 mmol) in dry DMF under argon at 0*C. The resulting solution 

40 was stirred at 0°C for 20 minut s. A solution of (25,35)-3-amino-2-hydroxy- 
4-phenylbutan ic acid methyl ester (0.29 g, 1.43 mmol) in dry DMF was added 
and the solution was stirred overnight at room temperature. Th solvent was 
removed under reduced preesure and the residue was partitioned between ethyl 
acetate and water. The rganic layer was washed successively with IN HC1, 

45 0.5N Na H, and brine s lution. The organic solvent phase was dried over 
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magneoium sulphate and evaporated to give (25, 35)-3-(ben»yloxycarbonyl- 
L-yStf'-diethylaoparaginyl)emino-2-hydroxy-4^ acid methyl eoter 

ao an oil (297 mg) ; IR: 3300,1720,1660,1620 cm 1 . 

B. In a similar manner, the following compound of formula (H) was 

5 made : 

( 25, 35) -3- (benzyloxycarbonyl-L-valyl ) amino-2 -hydroxy~4-pheny lbut ano ic acid 
ethyl ester, m.p. 160-162°C; 

C. Alternatively , in a similar manner, tho following compound of 
formula (H) wherein G3 is 2-<naphth-l-yloxy)athanoyl were made: 

10 (25, 3S) -3- ( 2- ( naphth-l-yloxy ) othanoyl-L-valyl ) amino-2-hydroxy- 
4-ph©nylbutanoic acid othyl eotor, m.p. 181-182 °C; and 
(25, 35) -3- (2- ( naphth-l-yloxy) ethanoyl-D-valyl ) amino- 2 -hydroxy ~ 
4-phenylbutanoic acid ethyl ester, m.p. 171-173 °C. 

15 Propagation 12 

Compounds of formula (J) 

A. Sodium hydroxide solution (IN, 5 ml*) wao added to a solution of 

{ 25, 35) -3- ( benzyloxycarbonyl-L-asparaginyl ) -amino-2-hydroxy-4-phenylbutanoic 
acid methyl eoter (400 mg, 0.875 mmol) in dioxane (5 mL) at 0°C and the 

20 mixture was otirred for 30 minutes. A white gummy solid appeared and the 
suspension wao acidified to pH 7 with 3H HC1. Tho solvent was removed in 
vacuo and the residue was acidified to pH 1 with 3N HC1. The insoluble solid 
was filtered and washed with ethyl acetate. This gave (25,35)-3-(benzyl- 
oxycarbonyl-L-asparaginyl)amino-2-hydroxy-4-phenylbutanoic acid as a white 

25 solid (150 mg) , m.p. 213-214°C. Tho ethyl acetate wash was separated from the 
water and dried over oodium sulphate; tho solvent wao removed in vacuo to give 
another crop of tho product (50 mg). 

B. In a similar manner, but replacing (25,35)-3-(berueyloxycarbonyl- 
L-asparaginyl)amino-2-hydroxy-4-phenylbutanoic acid methyl ester with (2A,35)- 

30 3- (bensyloxy-carbonyl-L-acparaginyl ) amino-2-hydroxy-4-phenylbutanoic acid 
methyl ootor, tho following compound of formula (J) wao made: 
( 2R f 35) -3-(bonsyloxyearbonyl-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoic 
acid, aopo 195~196°C. 

C. In a similar manner, but replacing (25,35)-3-(bensyloxycarbonyl- 
35 L-aoparaginyl)amino-2-hydroxy-4-phenylbutanoic aeid methyl ester with 

(25, 35) r3- (bonsyloxycarbonyl-L-aoparaginyl ) amino-2-hydroxy-4- ( 4 • - 
hydroxy) phony Ibutanoic aeid ©thyl motor, tho following compound wao made: 
(25, 35) -3- (bansyloxycarbonyl-L-asparaginyl ) amino-2-hydroxy-4- ( 4 ' -hydroxy ) - 

phonylbutanoic acid, m.p. 229-230°C, MS: 460 (M+H}+. 
40 0. In a similar manner, tho foil wing compound wao made: 

(25,35)-3-(2-( naphth-l-yloxy ) ethanoy 1-L- valy 1 ) amino-2 -hydroxy- 

4-phonylbutan ic acid, m.p. 180-182 °C. 
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Preparation 13 

Alternate Preparation f Compounds of formula (J) 

A. Sodium hydroxide solution (IN, 5 mL) was added slowly t a 
solution of ( 2S, 3S) -3- (benzyloxycarbonyl-L-JT ' ,H '-diethylasparaginyl ) amino-2- 

5 hydroxy-4-phenylbutanoie acid methyl ester (297 rag, 0.S78 mraol) in dioxane (5 
mL) at 0°c. After 30 minutes, the solution was acidified with 3N HC1 and the 
solvent was evaporated to remove the dioxane. The aqueous material was 
extracted with ethyl acetate (2 x 100 mL). The combined organic phase was 
washed successively with brine, dried over sodium sulphate and evaporated to 
10 give ( 2S , 3S ) -3- ( benzy loxycarbonyl-L-tf ' ' -diethylasparaginyl ) amino-2 -hydr xy- 
4-phenylbutanoic acid as a clear oil (200 mg), which could be recrystallized 
from ether/CBjCij/hexane, m.p. 138-139°C, IR: 3320, 3340, 2500-3200 (br) , 1720, 
1700, 1660 cm 

B. In a similar manner, the following compound of formula (J) was 
15 prepared: 

( 2S , 35) -3- (benzyloxycarbonyl-L-valyl ) amino-2-hydroxy-4-phenylbutanoic acid, 
m.p. 190-192°C. 

Preparation 14 

20 Amino-protected compounds of Formula (K) and 

Compounds of Formula (K) 

A. Finely powdered 2-t-butyloxacarbonyloximinophenylacetonitrile 
(2.06 g, 8.5 mmol) was added to a stirred solution of L-pipecolic acid (1 g, 
7.66 mraol) and triethylamine (1.62 mL, 11.49 mmol) in water (6 mL) and di xane 

25 (6 mL). After about one hour the mixture became homogeneous; stirring was 
continued for two more hours. Water (80 mL) and ethyl acetate (120 mL) wer 
added, the aqueous layer was separated and re-extracted with ethyl acetate. 
The aqueous layer was acidified with citric acid, and then extracted with 
ethyl acetate (3 x 80 mL). The organic phase was washed successively with 

30 water, dried over sodium sulphate and evaporated to give NrC-butyloxycarbonyl- 
L-pipecolic acid, 1.29 g, m.p. 122-123°C. 

B. Proceeding, EDCI (2 g, 10.2 mmol) was added to a solution of 
tf-t-butyloxy-carbonyl-L-pipecolic acid (1.17 g, 5.1 mmol) and HOBt (0.69 g, 
5.1 mmol) in dry DMF under argon at 0°C. The resulting solution was stirred 

35 at 0°C for 20 minutes. A solution of t-butylamine (0.54 mL, 5.1 mmol) in dry 
DMF (2 mL) was added and the resulting solution was stirred overnight at room 
temperature. The solvent was removed under reduced pressure and the residue 
was partitioned between ethyl acetate and water. The organic layer was washed 
successively with IN HC1, 0.5N NaOB, and brine solution. The organic solvent 

40 phas was dried over magnesium sulphate and evaporated to give a crude product 
as a br wn oil. This oil was purified by column chromatography (40% ethyl 
acetate:hexan ) to give pure (2S)-tf-t-butyl xycarbonylpiperidine-2-tf '-t-butyl- 
carboxamide (1.05 g) m.p. 132-133«C; IR. 3310, 1660 cm 1 . 

C. In a similar manner as above, the following compounds were made: 
45 W-t-but xycarbonyl-K'-t-butyl-L-prolinamide, m.p. 192-193°C; 
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K-t-butoxycarbonyl-IT'-t-butyl-D-prolinamide, m.p. 123-124°C; 
W-t-butoxycarbonyl-K ( l-hydroxy-2-methylpropyl-2-yl ) -L-prolinamide , 
m.p. 192-193 °C; * 

K-t-butoxycarbonyl-y'^tpyrid^'-ylmethylJ-L-prolinamide, m.p. 123-124°C; 
5 K-t-butoxycarbonyl-y-(2-(pyrid-2'-yl)ethyl)-L-prolinamido f m.p. 124-126°C; 
K-t-butoxycarbonyl-tf '-cyclohexyl-L-prolinamide, m.p. 142-143 °C; 
tf- t-butoxycarbonyl-JT ' - (2- (morpholin-4-yl) ethyl ) -L-prolinamide , 
m.p. 127-128°C; 

K-t-butoxycarbonyl-tf '-t-butyl-L-phenylalaninamide, m.p. 131-133°C; 
10 tf-t-butoxycarbonyl-tf'-t-butyl-L-eyclohexylalaninamide, m.p. 164-165°C; 

J*r-b«nxylojcycarbonyl-IT'-t-butyl-(4iJ)-hydroxy-L-prolinamido f m.p. 124-125°C; 
( 2S, 3aS, 7aS) -l-t-butoxycarbonyloetahydroindole-2-ir ( l-bensylpiperidin-4-yl ) , 
as a white foam; 

(25,3a5, 7aS)-l-t-butoxyearbonyloctahydroindole-2-tf '-iso-propylcarboxamide, 

15 m.p. 136-13 7° C? 

(4S) -3-butoxyearbonylthiazolidine-4-ir '-t-butylcarboxamide , 

m.p. 131-133°C; and 
y-bensyloxycarbonyl-y-t-butyl-(4S)-hydroxy-L-prolinamide # m.p. 129-130°C. 

D. In a similar manner as above, tf-benryloxycarbonyl-1,2, 3 f 4-tetra- 

20 hydroiaoquinoline-3-carboxylic acid (2.41 g) was converted to tf-benzyloxy- 

carbonyl-1 , 2 r 3 f 4-tetrahydroisoquinoline-3-ir t-buty Icarboxamide . The material 
was used without further purification. A solution of the amide in absolute 
ethanol was hydrogenated over 10% Pd/C at 50 psi H 2 for 16 hours. The 
catalyst was filtered through Celite and the filtrate evaporated to give 

25 1,2,3 f 4-tetrahydroisoquinoline-3-IT r -t-butylcarboxamide (580 mg). This 
material was redissolved in absolute ethanol and hydrogenated over 5% 
Rh/alumina for 3 hours at 60 psi H,. The catalyst was filtered through Celite 
under suction, and the filtrate evaporated to give (3£5,4a£S,8aAS)- 
decahydroisoquinoline-3-IT'-t-butylcarboxamide (415 mg), IR: 3300,1655 cm' 1 . 

30 E. Alternatively, {3S,4aS,8aS)-decahydroieoquinoline-3-*r'-t- 

butylcarboxamide can be prepared according to the procedure described in 
European Published Patent Application 0 432 695 (J. A. Martin and S. Redshaw) . 

F. Octahydro-lff-isoindole-l-carboxylic acid hydrochloride was 
prepared according to the procedures described in the following references: 

35 G. Gignarella, R. Cerri, G. Grella, P. Sanna; Gaszmtte Chimlea Italian* 

(1976), Vol. 106, pp. 65-75; C.J. Blankley, J.S. Kaltenbronn, D.E. DeJohn, A. 
Werner,' L.R. Bennett, G. Bobowski, U. Krolls, D.R. Johnson, W.K. Pearlman, 
K.L. Boefle, A.D. Essenburg, O.K. Cohen and B.R. Kaplan, J • /fed. Chem. (1987), 
Vol. 30, pp. 992-998. Oct ahydro indole- (2S)-carboxy lie acid can be obtained 
40 commercially from Kawaken Fine Chemicals Co. Ltd, Japan. Proceeding in a 
similar manner as described above, octahydro-lH-isoindole-l-carboxylic acid 
hydrochloride and (25,3a5,7a5)-oetahydroind le-2-carboxylie acid were 
converted into the following compounds: 

1-tf '-t-butylcarbamoyl-2-t-butoxy car bony loctahydr -1/f-ieo indole ; 
45 IR: 1660-1680, 3320 cm' 1 ; 
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(2S, 3aS, 7aS) -2-K '-e-butylcarbamoyl-l-e-butoxycarbonyloctahydroindole , 

m.p. 116-117 # C; and 
(25,3a5,7aS)-2-tf'-iso-pr pylcarbamoyl-l-t-butoxycarbonyloctahydroindole, 

m.p. 139-140°C. 

5 G. Alternatively, a mixture of formic acid (42 fah, 1.1 mmol) and 

triethylamine (0.15 mL, 1.1 mmol) in toluene (5 mL) wae added to a solution of 
triphenylphosphine (289 mg, 1.1 mmol) and ( 4R ) -hydroxy-tf ' - t-buty 1-L- 
prolinamide (321 mg, 1 mmol) in toluene (20 mL) and DKF (5 mL) at room 
temperature. A solution of diethyl azidodicarboxylene (DEAD) (0.10 mL, 
10 1.1 mmol) in toluene (5 mL) was then added and the mixture was stirred for 1 
day at room temperature. The solvent was removed under reduced pressure and 
the residue partitioned between ethyl acetate and water. The organic extract 
was dried over sodium sulphate and evaporated to give an oil which was 
purified by column chromatography (40% ethyl acetate :hexane) to give (4S)-K- 
15 benzyloxycarbonyl-4-formyl-#'-t-butyl-L-prolinamide, 260 mg; 
IR: 1712, 1690 cm 1 . 

H. Proceeding, a solution of (4S)-*-benzyloxycarbonyl-4-formyl-tf '-t- 
butyl-L-prolinamide (206 mg, 0.591 mmol) in methanol (3 mL) and dioxan (IS mL) 
was mixed with IN NaOH (3 mL) and stirred at 0°C for 10 minutes. The solution 
20 was neutralized to pH of 7 with 3H HC1 and then evaporated to remove all 

organic solvent. The aqueous material was extracted with ethyl acetate, and 
the organic layer further washed with saturated NaHCO, solution and brine. 
The organic layer was dried over sodium sulphate and evaporated to give (45)- 
hydroxy-K-benzyloxycarbonyl-JT'-t-butyl-L-prolinamide, 157 mg, m.p. 129-130 # C. 
25 I. Proceeding, a solution of t-butyl isocyanate (0.09 mL, 0.77 mmol) 

and (4S) -hydroxy- W-benzyloxycarbonyl-K'-t-butyl-L-prolinamide (200 mg, 0.622 
mmol) in toluene was refluxed for 3 days. The solvent was evaporated to 
dryness and the residue partitioned between ethyl acetate and water. The 
organic layer was dried over sodium sulphate and evaporated to give an oil 
30 which was purified by column chromatography (40% ethyl acetate :hexane) to give 
( 4/1 ) - ( H 9 ' - t-butyl ) carbamoyloxy-jr-benzyloxycarbonyl-y '-t-butyl-L-prolinamide , 
100 mg. H-NMR (80 MHz): 1.26 (m, 18H,2t-Bu) , 2.2-2.4 <m,2H,CHj), 3.6-3.7 
(m,2H,CH,), 4.3 (m,lB,CH), 5.16 (s r 2H r CH 3 ), 7.33 <s,5H,Ph). 

J. Proceeding in a similar manner as described above, < 4S) -hydroxy -tf- 
35 benzyloxycarbonyl-Jf '-t-butyl-L-prolinaaide was converted to (4Jl)-(y"-t- 
butyl)carbamoyloxy-lf-benzyloxycarbonyl-ir r -t-butyl-L-prolinamide; H-NMR (80 
MHz): 1.30 (2a,18H,2t-Bu), 2.2-2.4 <m,2H,CH2), 3.6-3.7 (m,2H,CH 2 ), 4.3 
(m,lH,CH), 5.20(s,2H,CH3), 7.35 <s,SH,Ph). 

K. Alternatively, Sodium hydride (542 mg, 50% oil, 11.3 mmol) was 
40 added slowly to a solution of (4*)-ethoxy-JMDenzyloxycarb nyl-L-proline (1.5 
gm, 5.65 mm 1) in dry THP (100 mL). The soluti n was stirred at r on 
temperature for 45 minutes. Ethyl iodide (1.78 g, 11.3 mmol) was added and 
the mixture was refluxed f r 3 hours and then stirred at room temperature for 
18 hrs. Th s lvent was evaporated to dryness and the residue partitioned 
45 between ethyl acetat and water. The aqueous layer was acidified t pH of 1 
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with 3N HC1 And extracted with ethyl acetate. The organic layer was washed 
with brine, dried over sodium sulphate and evaporated to give 1 g. («)- 
ethoxy-tf-benzyloxycarbb'nyl-L-proline, as an oil. Without further 
purification, a solution of (4*)-ethoxy-K-benzyloxycarbonyl-L-proline (500 mg, 
5 1.7 mmol) and HOBt (261 mg, 1.7 mmol) in dry DKF (20 mL) was mixed with SOCI 
(811 mg, 4.25 mmol) and stirred at 0°C for 60 minutes. Tert-butylamine 
(0.19 mL, 1.7 mmol) was added and the mixture was stirred overnight. The 
solvent was removed under reduced pressure, and the residue partitioned 
between ethyl acetate and water* The organic layer was washed with saturated 
10 NaHCOj solution, brine, dried over sodium sulphate and evaporated to give an 
oil. The oil was purified by column chromatography (40% ethyl acetate :hexane) 
to give 244 mg of (41J)-ethoxy-y-benzyloxycarbonyl-ir'-*t-butyl-L-prolinamide; 

MS: 318 <H + ). 

L. Proceeding, a solution of (4H)-ethoxy-V-benzyloxycarbonyl-tf '-t- 
15 butyl-L-prolinamide (200 mg) in dry ethanol (50 mL) was hydrogenated over 10% 
Pd/C at 50 psi Hj for 2 hours. The solution was suction filtered through 
Celite and the filtrate was evaporated to give an oil which was purified by 
column chromatography {10% MeOE:CB2Cl 3 ) to give (4*)-ethoxy-tf '-t-butyl-L- 
prolinamide (70 mg) as an oil; MS: 215 (M+H)+. 
20 M. Alternatively, JT-methylmorpholine (1.3 g, 12.9 mmol) was added to 

a solution of tf-t-butoxycarbonyl-L-proline (2.1 g, 9.77 mmol) in dry THF (25 
mL) at -15°C, followed by the addition of isobutyl chlorof ormate (1.34 g, 9.77 
mmol). After 5 minutes, a solution of 2-aminopyridine (0.91 g, 9.7 mmol) in 
THF was added. The mixture was stirred at -15 °C for 2 hours and then at room 
25 temperature for 18 hours. The material was concentrated under reduced 
pressure, and then extracted with ethyl acetate and water. The organic 
exrraet was washed with water, saturated KH^Cl solution, brine, dried over 
sodium sulphate, and evaporated to give an oil. This material was purified by 
column chromatography (40% ethyl acetate :hexane) to give (25)-JT-t- 
30 butoxycarbonyl-tf '-pyrid-2-yl-L-prolinamide (380 mg). 

N . Proceeding, ( 2S ) -K-t-butoxycarbonyl-JT ' -pyrid-2 -yl-L-prolinamide 
(262 mg, 0.9 mmol) was mixed with a solution of CBfil 2 (70 mL), presaturated 
with HCl gas, for 2 hours in an ice bath. The solvent was evaporated to 
dryness and the residue mixed with ethyl acetate (60 mL) and EtjN (10 mL). 
35 The suspension was filtered and the filtrate evaporated to give (2S)-tf '-pyrid- 
2-yl-L-prolinamide as an oil (164 mg). 

O. Alternatively, a racemic mixture of (15,35, 55) -endo-2- 
azabicyclo[3.3.0]octane-3-carboxylic acid and (l£,3ft,5ft)-endo-2- 
azabicyclo[3.3.0]octane-3-carboxylic acid was prepared according to the 
40 procedur of V. Teetz, R. Geiger, H. Gaul, Tetrahedron Letters (1984), 

p. 4479. To a solution of the racemic mixture (1.1 gm, 6.3 mmol) in dioxane 
(3 mL), water (3 mL) and EtjN (1.3 mL, 9.S mmol) was added 2-t- 
butoxycarbonyloximino-2-phenylacetonitrile (1.57 g, 6.3 mmol). The mixture 
was stirred at room temperature for 2 hours, and then extracted with ethyl 
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acetate. The aqueous extract was acidified with citric acid and extracted 
with ethyl acetate. The ethyl acetate extract was washed with brine, dried 
ver sodium sulphate and evaporated to giv a racemic mixture of (IS, 35, 55) -2 - 
(t-butoxycarbonyl)-endo-2-azabicyclo[3.3.0]octane-3-carboxylic acid and 
5 ( 1R , 2R , 5* ) -2- ( t -bu toxy car bony 1 ) -endo-2-azabicyclo [3.3.0] octane-3-carboxy lie 
acid, as an oil (1.26 g), MS* 255 (MH)+. 

P. Proceeding, t-butylamine (0.25 ml, 2.3 mmol) was coupled with th 
racemic mixture formed in Paragraph 0 above (589 mg, 2*3 mmol) using the EDC1 
(440 mg, 2.3 mmol) and HOBt (353 mg, 2.3 mmol) procedure cited above in 
10 Paragraph B. The product was purified by column chromatography (30% ethyl 

acetate thexane to 100% ethyl acetate) to give a racemic mixture of (15,35,55)- 
2- ( t-butoxycarbonyl ) -endo-2-azabicyclo [3*3*0] octane-3- t-butylcarboxamide and 
( 1R, 2R f SR) -2- ( t-butoxycarbonyl ) -endo-2-azabicyclo [3*3*0] octane-3- 1- 
butylcarboxamide (530 mg), m.p. 129-130°C. 
15 Q. Alternatively, LOA (1*5 M TH? solution from Aldrich, 13.9 mL, 20.8 

mmol) was added to a solution of (15,3a5,7&R)-2-t-butoxycarbonyloctahydro- 
isoindole-l-tf ' -t-butylcarboxamide and (LR,3a*,7a5)-2-t -but oxy carbony loct a- 
hydroieoindole-l-jr-t-butylcarboxamide (1 g, 5*4 mmol) in dry TH? at 0°C and 
the mixture was stirred for 1 hour. The reaction was quenched with acetic 
20 acid and the mixture partitioned between ethyl acetate and 1.5 N HC1. The 
organic phase was dried over sodium sulphate and evaporated to give an oil. 
This oil was recrystallized from 20% ethyl acetate thexane to give a solid. 
Without purification, this solid was added to 20% HC1 solution and refluxed 
for 24 hours. The material was concentrated to give an oil which was pumped 
25 overnight. The oil was mixed with TH? (20 mL) and St** (3 mL). Di-t-butyl 
pyrocarbonate (2.4 g, 11 mmol) was added to the mixture and the resulting 
mixture was stirred for 8 hours. The material was evaporated to dryness and 
partitioned between 1H HC1 and ethyl acetate. The organic phase was dried 
over sodium sulphate and evaporated to give an oil. This oil was mixed with 
30 EDC1 (1.5 g, 8.1 mmol), t-butylamine (0.85 mL, 8.1 mmol), 4-dimethyl- 

aminopyridine (100 mg, 0.81 mmol) in CH^Clj at 0°C. After stirring at room 
temperature for 16 hours, the mixture was washed with water and IN HC1. The 
organic phase was dried over sodium sulphate and evaporated to give a 
diastereomeric mixture of 2-t-butoxycarbonyloctahydroisoindole-l-tf # -t- 
35 butylcarboxamide. The mixture was separated on HPLC (25% ethyl acetate: 

hexane, silica gel) to give a less polar component, which was the recovered 
starting material (600 mg) • The polar component was the racemic mixture of 
( 1R, 3a5, 7 a*) -octahydroiaoindole-l-K '-t-butylcarboxamide and (15,3aP,7a5)- 
octahydroisoindole-l-IT '-t-butylcarboxamide (150 mg) • Without purification, 
40 this racemic mixture (150 mg) was treated with 15% C?,COOH in CH*C1 } for 16 
hours. Th s lvent was evaporated to give an oil which was mixed with Et>N 
(0.3 mL) and CB^Cl, (10 mL). After 30 minutes, the material was evaporated to 
dryness and purified by c lumn chromatography (10% MeOHtCHjCl a ) t give 104 mg 
of a white f am, which was ( 1R, 3a5, 7aJl) -octahydroisoindole-l-K '-t-butyl- 
45 carboxamide and ( 15, 3a*, 7a5) -octahydr is indole-l-tf '-t-butylcarboxamide. 
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R. Alternatively, t-butylchloroacetamidate (1.73 g, 15.2 mmol) wao 
added to a oolution of tf-bensy loxycarbony 1- ( L ) -pyroglut amic acid (2 g, 7.6 
mmol) in CBfiZ 2 (25 oL) and cyel hexane (25 aL) , followed by BFjEtjO (0.2 mL) . 
The raixturo wao stirred overnight and the insoluble mat ©rial filter ad. The 
5 filtrate wao washed with NaHCO, solution, dried over sodium sulphate and 
evaporated to give an oil. This oil wao purified by column chromatography 
(SOS ethyl acetate: hexane) to give tf~ben2yloxycarbonyl-L-pyroglutamic acid t- 
butyl eater (1.26 g). Ethylmagnesium bromide oolution (la 9 mL, 1H solution in 
THF, Aldrich) wao added to a solution of tf-benzyloxycarbonyl-L-pyroglutamic 
10 acid t-butyl eoter (1.23 g, 3.7 mmol) in dry THF (20 mL) at -40°C. The 

mixture wao otirred at that temperature for 2 houro at which time the reaction 
was quenched with dropwise addition of 3N HC1. The solution was extracted 
with ethyl acetate. The organic layer wao dried over sodium sulphate and 
evaporated to give an oil. Column chromatography (silica gel/ 200 ethyl 
15 acetate s hexane) gave (2S)-2-bensyloxycarbonylamino-5-oxoheptanoic acid t-butyl 
ester, ao an oil (356 mg), IRs3350, 1730, 1710, 1690 cm' 1 . 

S. Proceeding, a solution of tert-butyl 2(S)~carboben2yloxyamino-5« 
oxo-heptanoiate (300 mg) in absolute ethanol wao hydrogenated over 10ft Pd/C at 
50 psi. Hj for 16 hours. The catalyst was auction filtered through Celito, 
20 the filtrate evaporated to give an oil. Tho oil wae chromatographed (500 
ethyl acetate z hexane to ethyl acetate) to give 5(S)-ethyl-L-proline t-butyl 
ester (120 mg), ao an oil. 

T. Alternatively, diethyl 3-phenylpyrrolidine-2,2-dicarboxylato can 
be prepared according to the procedure of Cox D.A., at al., J. Chom. Soc. 
25 (1964), p. 5024. To a oolution of diethyl 3-phenylpyrrolidine-2,2-di- 

carboxylate wao dissolved in 4H NaOB and stirred at room temperature for 16 
hours, 10 mL of concentrated HC1 was added and the mixture wao refluxed tor 6 
hours. The oolution wao cooled and KOH pellet wao added to bring the pH to 
12. The oolution wao chilled to 0°C and a solution of bensyloxycarbonyl 
30 chloride in 15 mL dioxane wao added. The solution was stirred for 20 houro at 
room temper nturo and then extracted with other. The aqueouu layer was 
acidifod to pH 2 with HC1 and extracted four timeo with ethyl acetate. Tho 
organic layor wao waohod with brine, dried over sodium oulphatQ and evaporaeod 
to givo l~bonsyloxycarbonyl~3-phenylprolinQ as a oolid, which was re- 
35 cryotallised from othyl acetate rhexane (1.2 g), m.p. 165-166°C, MS: 324 (M-H) *. 

U. Procooding, a solution of l-bansyloxycarbonyl-3-phenylproline in 
dry DMF (1.01 g, 3o07 mmol) wao mixed with SDCI (1.46 g, 7.6 mmol) and HOBt 
(470 rag, 3.07 mmol) at 0°C. After 1 hour, a oolution of t-butylamine (0.40 
mL, 0o24 mmol) in dry DMF (4 mL) wao added. After otirring for 16 hours, the 
40 oolution wao evaporated to dryneoo under reduced preooure. The residue wao 
partitioned between othyl acetate and water. The rganic extract was washed 
with oaturatod oodium bicarbonate solution, brino, dried over s dium sulphate 
and evaporated to give an oil. The material wao purified by column 
chromatography (300 othyl acetate jhoxano) to give two diaotereomars. Tho less 
45 polar diaoteroomer was aooigned the racemic mixture of eis-l-bensyloxy- 
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carbonyl-3-phenyl-ir-t-butyl-D, L-prolinamide (160 mg, oil, m.p. 143-144 # C) and 
the more polar diaatereomef was assigned the raeemic mixture of trans-1- 
benzyl xycarbonyl-3-phenyl-IT'-t-butyi-D,L-prolinamide (480 mg, solid), m.p. 
144-145°C. 

V. Proceeding, a solution of trajja-l-benzyloxycarbonyl-3-phenyl-tf '-t- 
butyl-D, L-prolinamide (440 mg, 1.15 mmol) in absolute ethanol was hydrogenated 
over 10% Pd/C at 50 psi B, for 2hours. The catalyst was filtered through 
Celite and the residue was evaporated to give a solid. The material was 
purified by column chromatography to give 244 mg of eraji5-3-phenyl-tf '-t-butyl- 
D, L-prolinamide as a yellow solid, m.p. 110-lll°c. 

W. Proceeding in a similar manner, ci*-3-phenyl-ir'-t-butyl-D,L- 
prolinamide was obtained as an oil. 

X. Proceeding in a similar manner as described above in Paragraphs T, 
U and V, diastereomers of 3-ethyl-tf '-t-butylprolinamide were prepared. 

Preparation 15 

Compounds of formula (L) 

A. A solution of l-[(2S,35)-3-(benxyloxycarbonyl-L-asparaginyl- 
amino)-2-hydroxy-4-phenylbutanoylJ-y-t-butyl-L-prolinamide (191 mg, 

0.414 mmol) in absolute ethanol was hydrogenated at 50 to 60 psi Hj over 10% 
Pd/C for 6 hours. The catalyst was filtered through Celite, and the filtrate 
evaporated to give l-[ (2S,35)-3-L-asparaginylamino-2-hydroxy-4-phenyl- 
butanoyl)-V-e-butyl-L-prolinamide as a foamy Bolid (138 mg, recryetallized 
from CHjCVother, m.p. 92-93°C). MS: 462.2 (IT), 171. 

B. in a similar manner, but replacing l-[ (25,35)-3-(ben2yloxy- 
carbonyl-L-asparaginylamino ) -2-hyriroxy-4-phenylbutanoyl J -N ' - t-butyl- 
L-prolinamide with the appropriate compound of formula (la), the following 
compounds of formula (I#) were made: 

1- [ ( 25, 35) -3-L-lf ' , Jf '-diethylasparaginylamino-2-hydroxy-4-phenylbutanoyl J - 

W'-t-butyl-L-prolinamida, 133 mg; as an oil; 
( 25, 3a5, 7a5) -1- [ ( 25, 35)-3-L-asparaginylamino-2-hydroxy-4-phenylbutanoyl ] - 

octahydroindole-2-ir-t-butylcarboxamide, 160 mg, m.p. 104-105*C; 
1- ( ( 25, 35) -3-L-valylamino-2-hydroxy-4-phenylbutanoyl J -K '-t-butyl- 

L-prolinamide, oil; and 
( 25) -1- [ ( 25, 35, ) -3-L-asparaginyiamino-2-hydroxy-4-phenylbutanoyl ) piperidine- 

2-K '-t-butylcarboxamide. 

C. In a similar manner, the following compounds were made: 
(25,3a5,7a5)-l-[ (25,35)-3-( ( 2S ) -ethy lglycy 1 ) amino-2-hydroxy-4-pheny 1 - 

butanoyl) ctahydroind le-2-tf'-t-butylcarboxamide, as a white s lid; 
(25,3a5,7a5)-l-[(25,35)-3-L-valylamino-2-hydr xy-4-phenylbutan yl)- 

octahydr indol -2-ir-t-butylcarboxamido, m.p. 148-149°C; 
1:1 mixture f (15,3a*,7a5)-l-[ ( 25,35) -3-L-asparaginylamino-2-hydroxy- 

4-phenylbutanoyl]octahydroisoindol -1-tf '-t-butylcarboxamide and 

( 1*, 3a5,7a*)-l-[ (25, 35 )-3-L-asparaginylamin©-2 -hydroxy- 
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4-ph nylbutanoyl]octahydroiBoindole-l-y-t-butylcarboxamide; 

1:1 mixture of (lS,3aS,7aA)-l-[ (2S,3S)-3-L-aeparagiJiylamino-2-hydroxy- 
4-phenylbutanoyl ] octahydroisoindole-l-IT f - t-butylcarboxamide and 
( LR,3aR, 7aS) -1- [ { 2S , 3S ) -3-L-asparaginy lamino-2-hydroxy- 
5 4-phenylbutanoyl ) octahydroieoindole-l-y ' -t-butylcarboxamide ; 

1:1 mixture of (15,3S,5S)-l-[ (2S, 3S)-3-(L-asparaginyl)aniino-2-hydroxy- 

4-phenylbutanoyl ] -2-azabicyclo [ 3 . 3 • 0 } octane-3-tf ' - t-butylcarboxamide 
and (IS, 3i* r 5ie)-l-[ (2S,3S)-3-(L-asparaginyl)ainino-2-hydroxy- 
4-phenylbutanoyl J -2-azabicyclo (3.3.0) oetane-3-tf '-t-butylcarboxamide ; and 
10 (2S, 3aS, 7aS) -1- [(2S,3S) -3-L-asparaginylamino-2-hydroxy-4- ( 4 • -hydroxy ) - 

phenylbutanoyl]octahydroindole-2-tf' -t-butylcarboxamide , m.p. 85-86°C 

Preparation 16 

Compounds of Formula (K) 

15 A. Ethyl bromoacetate (1.68 mL, 15.15 ramol) was added to a suspension 

of 6-bromo-2-napthol (3.5 g, 97% pure, 15.21 mmol) and potassium carbonate 
(2.7 g, 19.56 mmol) in dry DMF (40 mL), followed by tetra-tf-butylammonium 
iodide (100 mg). The mixture was stirred for 16 hours and filtered. The 
filtrate was evaporated to give an oil which was then extracted with ethyl 

20 acetate and water. The organic layer was dried over magnesium sulphate, 

evaporated to give a solid which was recrystallized from CHjClj/hexane. This 
gave ethyl 6 • -bromo-2 1 -naphthoxyacetate as a white solid, 3.72 g; m.p. 86- 
87°C; HS: 308 (H*) . 

B. In a similar manner, the following compounds were made: 
25 ethyl 1 • -bromo-2 ' -naphthoxy acetate, m.p. 73-74°C; 

ethyl 3-hydroxymethyl-phenoxy acetate; 
ethyl quinolin-S'-yloxyacetate, oil; and 
ethyl quinolin-4'-yloxyacetate, m.p. 159-160°C. 

C. Proceeding, NaOH (IN, 20 mL) was added to a solution of ethyl 6'- 
30 bromo-2 ' -naphthoxyacetate (3.3 g) in DHE (30 mL), and the solution wae stirred 

for 60 minutes. The mixture was acidified to pH of 1 with 3N HC1, and the 
organic solvent was then removed under reduced pressure. The insoluble solid 
was extracted with acetone/water (4:1) and the insoluble material filtered. 
The filtrate was evaporated to give 6* -bromo-2 '-naphthoxy acetic acid as a 
35 solid (2.8 g) ; m.p. 230-232 °C. 

D. In a similar manner, the following compounds were made: 
•1' -bromo-2 * -naphthoxyacetic acid, m.p. 163-164 °C; 
quinolin-S'-yloxyacetic acid, MS: 203 (K+); and 

quinolin-4 ' -yloxyacetic acid, m.p. 179-180°C. 

40 E. Alternatively, ethyl 2 -pyridoxy acetate was prepared according to 

the procedures f J. Maas, ett al., Recueil dms travaux Chxmiquaa dea paya-baa 
(1955), Vol. 74, pp. 175-178. NaOH solution (150 mg NaOH, 6.26 mmol in 7 mL 
water) was added to a solution of ethyl 2 -pyridoxy acetate (0.5 g, 2.76 mmol) 
in dioxane. The material was left stirring at 0°C for 18 hours and room 

45 ^temperature for 30 minutes. The s lution was acidifed with concentrated HC1 
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to pH 5 and then concentrated under reduced pressure. The residue was 
azeotroped with CH,CN several times to remove water. A yellow residue was 
formed which was mixed with CH,CN (4 ml) and filtered. This gave 220 mg of 2- 
pyridoxyacetic acid as a yellow solid. M.p. 111-113 °C. 
5 F. Alternatively, 4-pyridoxyacetic acid was prepared according to the 

procedures of H.J. Den, et al., Chem. Mara. Bull., Vol. 23, No. 11, pp. 3008- 
3010. 

G. Alternatively, mesyl chloride (0.44 ml, 5.68 mmol) was added to a 
solution of ethyl 3-hydroxymethylphenoxy acetate (1.1 g, 5.23 mmol) and EtjN 
10 (0.9 mL, 6.5 mmol) in CHjCIj (25 ml) at 0°C. After 2 hours, a solution of 
imidazole (0.44 g, 6.5 mmol) and Bt,N (0.9 mL, 6.5 uaol) in DKF (3 mL) was 
added and the mixture was stirred overnight at room temperature. The material 
was concentrated and then partitioned between ethyl acetate and water. The 
organic phase was dried over sodium sulphate and evaporated to give crude 
15 ethyl 3-(imidazolylmethyl)phenoxyaeetate. This material was mixed with IN 
NaOH (30 mL) and MeOH (30 mL) and stirred at room temperature for 4 hours. 
MeOH was removed under reduced pressure and the aqueous material was extracted 
with ether (50 mL). The aqueous layer was acidified to pH 2 with 6N HC1 and 
again washed with ether (50 mL). This acidic solution was applied onto Bi Rad 
20 AGS0W-X8 100-200 Mesh cation exchange resin (2 x 12 cm) and eluted with water. 
The product was eluted with 20% pyridine/water (300 ml). Solvent evaporation 
gave 3-(imidazolylmethyl)phenoxyacetic acid as a semi-solid which was dried to 
constant weight (0.5 g). M.p. 69-70°C. 

H. In a similar manner, the following compounds were made: 
25 3-(morpholin-4-ylmethyl)phenoxyacetic acid, gum; and 

3-([4-methylpiperazin-l-yl)methyl)phenoxyacetic acid, m.p. 188-189°C 
(decomp. ) . 

Preparation 17 

30 Compounds of Formula (N) 

A. N-t-butyloxycarbonyl-N'-t-butyl-L-prolinamide (2.23 g, 8.25 mol) 
was added to a saturated solution of HC1 gas in CB£1 2 (100 mL) and the 
resulting solution was stirred at room temperature for 1 hour. The solvent 
was removed in vacuo; the residue pumped under high vacuum for 30 minutes. 

35 This material was redissolved in CBjCl, (30 mL) and neutralized with 
triethylamine (1.15 mL, 8.25 mmol). 

B. A solution of (2S,3S)-3-N,N-dibenzylamino-2-hydroxy-4- 
phenylbutanoic acid (3.1 g, 8.25 mmol) and HOBt (1.26 g, 8.25 mmol) in dry DMT 
(20 mL) was cooled to 0«>C. EDCI (3.15 g, 8.25 mmol) was added and the 

40 s lution was stirred at 0*C for 50 min. The soluti n from paragraph A above 
was added and the r suiting mixtur was stirred at room temperature for 24 
hours. The solvent was removed in vacu and th residue extracted with ethyl 
acetat and water. The rganic layer was washed successively with IN HC1, 
brine and dried over s dium sulphate. S lvent evaporation gave a solid which 

45 was purified by column chromatography (40% ethyl acetate : hexane ) . The 
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matorial wao rocryotallixed from ether rhexano to give 2.1 g of (25,33)^3^^" 
dibGnzylamino-2-hyd*oxy-4-phenylbutanoyl-tf '-e-buty^^ as a white 

solid, m.p. 130-131°C.'" 

C. Alternatively, compounds of formula (N) wherein one G t group Is 
5 hydrogen were prepared as follows: 

y-t-butyloxyearbonyl-tf '-t-butyl-L«prolinamide (820 mg, 3.03 mmol) was 
added to a saturated solution of HC1 gao in CH 3 C1 3 (50 mL) and the resulting 
solution wao stirred at room temperature for 1 hour- The solvent was removed 
±n vacuo and the reoidue pumped under high vacuum for 30 minutes. This 
10 material wao rodiooolved in CEfil 2 and neutralised with triethylamine (0.1 mL). 
A solution of (2i?S,35)-3-»bQnsyloxycarbonylamino-2-hydro3ty"»4-phQnylbutanoic 
acid (1 g, 3.04 mmol) and HOBt (580 mg, 3.28 mmol) in dry DMF was cooled to 
0°C. EDCI (1.45 g, 7.59 mmol) was added and the solution was stirred at 0°C 
for 35 minutoo. The solution containing tf-t-butylojcyearbonyl-Jf ' -t-butyl- 
15 L-prolinamide was added and the mixture was stirred at room temperature for 24 
hours. The solvent was removed In vacuo and thQ residue extracted with ethyl 
acetate and water. The organic layer was washed with 1H HC1, brine and dried 
over sodium sulphate. Solvent evaporation gave a solid which was purified by 
column chromatography (60S ethyl acetate xhexane) to give l-[ (2A,35)-3-benzyl- 
20 oxycarbonylamino-2-hydroxy-4-phenylbutanoyl ] -# f -e-butyl-L~proiinamide ( less 
polar isomer, 438 mg) and l-[ (25,35) -3-bensyloxyearbony lamino-2-hydroxy-4- 
phenylbutanoyl]-tf '-t-butyl-L-prolijiamide (more polar isomer, 320 mg); MS: 
482.2 (M+H) "**. 

25 Preparation 18 

Compounds of Formula (O) 

A. Pd(OH)2/C (200 mg, Aldrich) wao added slowly to a solution of the 
1- ( 25, 35) -3-JT ,ff-dibensyiamino-2-hydroxy-4-phenylbutanoyl ] -J* ' - t-buty 1- 
L-prolinamidG (800 mg) in absolute ethanol (100 mL) in a Parr bottle under 

30 argon* Tho oolution wao hydrogenated at 50 psi H 2 for 16 hrs. The solution 

wao fluohod with argon and the catalyst filtered through Celite. The filtrate 
wao evaporated to give an oil which wao further purified by column 
chromatography (Glut ion gradient: ethyl acetate to 10$ MeOH:CH 2 Cl 2 to 20$ 
KeCHsCBjCl,) to yiold 281 mg of l-[ (25,35)-3«amino-2«hydroxy-4-phenylbutanoyl j- 

35 '-t-butyl-L-prolinamidQ, m.p. 144-145°C. 

B. Alternatively, certain compounds of formula (O) may be prepared as 
followo: (25 f 3a5,7a5)*»oetahydroindole-2-tf '-t-butylcarboxamide (0*83 g, 3.7 
mmol) was coupled to (25,35) °3H9en2yloxycarbonylamino-2-hydroxy-4-phenyl- 
butanoic acid (1.15 g, 3.49 mmol) using the procedure shown in Example 4D 

40 below. The product was recrystallised from CH 5 CN to give (25,3a5 f 7a5)-l- 

[ (25, 35) -3-bonsyloxycarbonylamino-2-hydroxy-4-phenylbutanoyl ] octahydro indole- 
2-tf'-t-butylcarboxamide (1.44 g) , m.p. 91-93°C. A oolution of (25,3a5,7a5)-l- 
[ (25,35)-3*»bonsyl xycarbonylamino~2~hydroxy-4-ph@nylbutan yl ) octahydro indole- 
-t-butylcarboxamide (1.31 g, 2.45 mmol) in aboolute ethanol (100 mL) was 

45 hydrogonatQd over 100 Pd/C (178 mg) at 50 poi H 2 for 5 h urs. Tho eatalyst 
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was removed by sucti n filtration through Celite. Solvent evaporation gave an 
oil which was purified by column chromatography (1% Et,N:10% MeOH:CHjCl 3 ) to 
give 850 mg of (2S,3aS,7a5)-l-[ (2S,3S)-3-amino-2-hydroxy-4-phanylbutanoyl]- 
octahydroindole-2-V '-t-butylcarboxamida, m.p. 7S-77°C. 

5 

Example 1 

Compounds of formula (2a) (As prepared by Reaction Scheme 2) 

A. Tert-buty loxycarbony l-ff'-t-butyl-L-prolinamide (135 mg, 
0.496 iranol) was added to a saturated solution of HC1 gas in CRjCl, and the 

10 resulting solution was stirred at room temperature for 1 hour. The solvent 
was removed in vacuo; the residue pumped under high vacuum for 30 minutes. 
The residue was re-dissolved in CEfil t and neutralized with EtjN (0.1 mL) t 
afford a solution of '-t-butyl-prolinamide. A solution of (2S,3S)-3- 
( benzyloxycarbonyl-L-asparaginy 1 ) amino-2-hydroxy-4-phenylbutanoic acid ( 220 

15 mg, 0.496 mmol) and HOBt (67 mg, 0.496 mmol) in dry DMT was cooled to 0°C. 

EDCI (237 mg, 1.24 mmol) was added and the solution was stirred at 0°C for 20 
minutes. The solution of N '-t-butyl-L-prolinamide prepared above was added 
and the mixture was stirred at room temperature for 24 hours. The solvent was 
removed in vacuo and the residue extracted with ethyl acetate and water. The 

20 organic layer was washed successively with IN HCl, brine and dried over sodium 
sulphate. Solvent evaporation gave a solid which was purified by column 
chromatography (10% MeOH:CH,Clj) and thick layer plate chromatography (10% 
MeOH:CH2Cl 2 ) to give l-[ (2S, 3S ) -3- (benzy loxycarbony 1-L-aaparaginyl )amino-2 - 
hydroxy-4-phenylbutanoyl]-W'-t-butyl-L-prolinamide as a solid (191 mg; m.p. 

25 116-118°C), MS: 596. 3(M*). 

B. Proceeding in a similar manner, but replacing ( 25, 35) -3- 

( benzy loxycarbonyl-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoic acid with 
the appropriate compound of formula (J), the following compounds of 
formula (la) were made: 
30 1- [ { 2*, 3S) -3- ( benzyloxycarbonyl-L-asparaginy 1 ) amino-2-hydroxy-4-phenyl- 

butanoyll-IT'-t-butyl-L-prolinamide; m.p. 192-193°C; MS: 595(M+), 

495,496,398; and 

1 - [ ( 2S , 35 ) -3- ( benzy loxycarbony 1-L-lf * , H ' -diethy laspar aginy 1 ) amino- 

2-hydroxy-4-phenylbutanoyl}-lf f -t-butyl-L-prolinamide, m.p. 90-94°C, 
35 MS: 651 (K+). 

C. In a similar manner, but replacing t-butyloxycarbonyl-tf'-e-butyl- 
L-prolinamide with the appropriate precursor of a compound of formula (K) , 
e.g., ( 25 , 3a5 , 7aS ) -tf- ( t-buty loxycarbony 1 ) octahydroindole-2-K ' - 1- 
butylcarboxamide, the following compounds of formula (la) were made: 

40 (25)-l-[ (25,35, ) -3- (benzy loxycarbony 1-L-aaparaginyl ) amino-2 -hydroxy- 

4-phenylbutanoyl]piperidine-2-*r-t-butylearb xamide, m.p. 87-89°C; 
{ 25, 3aS,7aS)-l- [ ( 25, 35) -3- ( benzyloxycarbonyl-L-asparaginyl ) amino-2-hydroxy- 
4-phenylbutanoyl Joctahydroindole-2-lf '-t-butylcarboxamide, 
m.p. 108-110°C; 
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l-[ (25, 3S) -3- (benzyioxyearbonyl-L-asparaginyl ) amino-2-hydroxy-4-phenyl- 
butanoyi ]-*"-( l-hydroxy-2-msthylprop-2-yl ) -L-prolinamido , 
m.p. 138-140°C; 

l-[ (25,35, ) -3- (bsnzyloxycarbonyi-L-asparaginyl ) amino-2 -hydroxy-4-phanyl- 
5 butanoyl ] -2- ( 1 , 2 , 3 , 4-tetrahydroiaoquinoline ) -3-carboxylic acid 

t-butyl ester, m.p. 103-104°C; 
1- [ ( 25, 35) -3- ( benzyloxycarbonyl-L-asparaginyl ) amino-2-hydroxy-4-phenyl- 

butanoyl]«tf '-t-butyl-D-prolinamide, m.p. 138-140°C; 
l-[ (2S,3S)-3-(ben2ylo3cycarbonyl*L-aQparaginyl)aaino-2-hydro3ty-4-phenyl- 
10 butanoyl ]-y r -(2-pyrid-2 , -ylethyl)-L-prolIaaaid®, m.p. 151-153°C; 

1- [ ( 2S, 35) -3- ( benzy loxycarbonyl-L-asparaginyl ) aaino-2*hydroxy-4-pheny 1- 

butanoylJ-JT'-tpyrid^'-ylmethylJ-L-prolinaiaide, m.p. 108-110°C; 
( 15 , 3 a5 , 7 a£ ) -2 - [ ( 25 , 3 5 ) -3 - ( benzy loxycarbonyl-L-asparaginyl ) amino-2 -hydroxy 

4-phenylbutanoyl ] octahydroisoindole-l-tf t-butyl carboxamide , 
15 m.p* 97-100°C; 

( 1R, 3aA, 7a5) -2- [( 25, 35) -3- (banzyloxycarbonyl-L-aoparaginyl ) amino-2 -hydroxy 

4-phenylbutanoyl]oetahydroiaoindole-l-*r'-t-butylcarboxamide, aa an o 
( 4R) -1- [ ( 25, 35) -3- ( benzy loacycarbony l-L-aaparaginyl ) amino- 2 -hydro ?cy- 

4-phQnylbutanoyl]-4-hydro3cy-JT'-t-butyl«L-prolinaaido, m.p. 122-124°C 
20 ( 45) -1- [ (25, 35) -3- (benzyloxyearbonyl-L«asparaginyl ) amino-2 -hydroxy- 

4-phenylbutanoyl]-4-hydroxy-?T r -c-butyl-L-prolinamide / m.p. 123-124°C 
(4£) -l-[ (25, 35) -3- (benzyloxycarbonyl-L-aoparaginyl) amino-2 -hydroxy- 

4-phenylbutanoyl] -4-t-butylcarbamoyloxy-tf '-t-butyl-L-prolinamide, 

m.p. 114-116°C; 

25 (45) -1- [ ( 25, 35) -3- (benzy loxycarbonyl-L-asparaginyl ) amino-2 -hy droxy- 

4-phtanylbutanoy 1 ] -4-t-butylcarbamoyloxy-tf ' - t-butyl -L-pro linamide , 
m.p. 127-128°C; 

1- [ ( 25, 35) -3- (benzyloxycarbonyl-L-asparaginyl ) amino-2 -hydroxy- 

4-phQnylbutanoylJ-IT'-cycloh®xyl-L-prolinamide, m.p. 120-122°C; 
30 1- [ (25, 35) -3- (bGnzyloxycarbonyl-L-aoparaginyl ) amino-2-hydroxy-4-phenyl- 

butanoyl]«»''«-(2-(morpholin«-4-yl)ethyl)-L-prolinamidQ, m.p. 126-128°Cj 
1- [ (25, 35)-3-(b<3nzyloxycarbonyl-L-valyl) amino-2-hydroxy«4-phenylbutanoyl ) - 

tf'-t-butyl-L-proiinamide, m.p. 204-205°C; and 
( 35, 4a5, 8a5) -2-[ (25, 35) -3- (benzy loxycarbonyl-L-aoparaginyl ) amino-2 -hydroxy- 
35* phenylbutanoyl ] dGcahydroiooquinolino-3-tf ' -e-butylcarboxaraide , 

m ft p. 113-115°C. 

D. In a similar manner, th® following compounds wero made: 
(25> -1- [ (25, 35) -3- ( bonzyloxycarbonyl-L-asparaginyl ) asino-2-hydroxy- 

4-ph©nylbutanoyl ] -2-tf ( pyrid-2-yl ) -L-proiinamid , m.p. 140-142°C; 
40 (2S,3a5,7a5)-l-[ (25 r 35)-3-(2-(naphth-l«yloxy)ethanoyl-L-valyl)amino- 

2-hydroxy-4-phQnylbutanoyl ] etahydroindol®-2-# '-( 1 -benzy lpiperidin- 

4-yl) carboxamide, m.p. 110-112 °C; 
(25,3a5,7a5)-l-[ (25,35)-3-(2-(naphth-l-yloxy)ethanoyl-L-valyl)amino- 
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2-hydroxy-4-phenylbutanoyl) ctahydroindol -2-tf '-iso- 
propylcarboxamid , m.p. 108-110*0; 
(4S)-3-[ (2S,3S) -3- { 2-i>acphth-l-yloxy ) •thanoyl-L-valylamino-2-hydroxy- 

4-phenylbutanoyl)thiazolidiJie-ir-t-butylcarboxamide, m.p. 154-155 # C; 
5 ( 2S , 3 as, 7aS ) -1- [ ( 2S, 3S) -3- ( benzy loxycarbonyl-L-valyl ) amino- 
2 -hydroxy-4-phenylbutanoyl ) octahydroindole-2-K '-t- 
butylcarboxamide, m.p. 224-226*0; 
1:1 mixture of (IS, 3a*, 7aS)-2-[ (2S,3S)-3-(benzyloxycarbonyl- 

L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl ] octahydroisoindole- 
10 l-tf'-t-butylcarboxamide and (l£,3a5,7a*)-2-[ (2S,3S)-3-(benzyloxy- 

carbonyl-L-asparaginy 1 ) amino-2-hydroxy-4-phenylbutanoyl ] - 
octahyd^oisoindole-l-ff'-t-butylcarboxamide; 
1:1 mixture of (lS,3aS,7a*)-2-( ( 2S,3S) -3- (benzy loxycarbony 1- 

L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl Joctahydroisoindoie- 
15 l-V'-t-butylcarboxamide and (LR, 3a*,7aS)-2-[ (2S,3S)-3-(benzyloxy- 

carbonyl-L-asparaginy 1 ) amino-2-hydroxy-4-phenylbutanoyl J - 
octahydroisoindole-l-JT-t-butylcarboxamide, MS: 650.4 (MH) *; 
( IS, 3S, 5S) -tf- [ ( 2S, 3S) -3-benzy loxycarbony 1-L-asparaginy lamino- 

2-hydroxy-4-phenylbutanoyl J -endo-2-azabicyclo [3.3.0] octane-3-tf ' - t- 
20 butylcarboxamide, m.p. 108-110°C; 

( lie , 3* , SR ) -K- [ ( 2S , 3S ) -3 -benzy loxycarbonyl-L-asparaginyiamino- 

2-hydroxy-4-phenylbutanoyl J -entfo-2-azabicyclo (3.3.0) octane-3-tf 1- 
butylcarboxamide, m.p. 104-105*0; 
( 3S , 4a* , 8a* ) -2- ( ( 2S , 3S ) -3- ( benzy loxycarbony 1-L-asparaginy 1 ) amino-2 -hydroxy - 

25 4-phenylbutanoyl JdecahydroiBoquinoline-3-N '-t-butylcarboxamide, 

m.p. 114-117*0; 

1- [ ( 2S, 3S) -3- (benzy loxycarbony 1-L-asparaginy 1 ) amino-2-hydroxy- 
4-phenylbutanoyl '-t-butyl-traj3s-3-phenyl-L-prolinamide, 
m.p. 208-210*0 (more polar diastereomer) and l-( (2S,3S)-3- 

30 (benzyloxycarbony 1-L-asparaginy 1 ) amino-2-hydroxy- 

4-phenylbutanoyl]-y-t-butyl-trans-3-phenyl-L-prolinamide, 
m.p. 144-146*0 (lesa polar diastereomer); 
1- [ (2S, 3S)-3- (benzy loxycarbonyi-L-asparaginyl ) amino- 2 -hydroxy- 
4-phenylbutanoyl ] -tf ' - t-butyl-cia-3-phenyl-L-prolinamide , 

35 m.p. 204-206*0 (more polar diastereomer) and l-( (2S,3S)-3- 

( benzy loxycarbony 1-L-aeparaginyl ) amino-2-hydroxy- 
4-phenylbutanoylJ-ir'-t-butyl-cls-3-phenyl-L-prolinamide, 
m.p. 112-113*0 (less polar diastereomer); 
1- ( ( 2S , 3S ) -3- ( benzy loxycarbony 1-L-asparaginy 1 ) amino-2 -hydroxy- 

40 4-phenylbutanoyl ] -IT ' - t-butyl-trana-3-ethyl-L-prolinamide , 

m.p. 191-192*0 (more polar diastereomer) and l-( (2S,3S)-3- 
( benzyl xycarb ny l-L-asparaginyl ) amino-2-hydroxy- 
4-phenylbutanoyl J-ir-t-butyl-trans-3-ethyl-L-prolinamide, 
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m.p. 108-112°C (lose polar diaetereomer) ; 
1- [ (25, 35) -3-(bensyloxycarbonyl-L-asparaginyl) amino-2-hydroxy- 
4-phGnylbutanoyrj-H' ' -£-buty l-cis-3-ethy 1-L-prolinamide , 
m.p, 203-204°C (more polar diastereomer) and l-[ (25,35)-3- 
5 (benzyloxycarbonyl-L-aoparaginyl ) amino-2-hydroxy- 

4-phenylbutanoyl ] -tf '-t-butyl-cxs-3-ethy 1-L-prolinamide, 
m.p* 104-106°C (lose polar diaotereomar) ; 
(25, 3a5, 7aS) -1- [ (25, 35) -3-(benzyloxyearbonyl-L-asparaginyl ) amino- 

2~hydroxy-4- ( 4 • -hydroxy) phenylbutanoyl ] octahydroindole-2-tf ' - 1- 
10 butylcarboxamide, m.p. 146-148°C; and 

1- [ (25, 35) -3- (bensyloxycarbonyl-L-asparaginyi ) amino- 2 - hydroxy- 

4-phenylbutanoyl ]-5-ethyl-L-proline t-butyl ester, m.p. 106-107°C. 
E. EDCI (161 mg, 0.845 mmol) was added to a solution of HOBt (45 mg, 
0.338 nanol) and (25,35)-3-benzyloxycarbonyl-L-aaparaginylamino-2-hydroxy-4- 
15 phenylbutanoic acid (150 mg, 0.338 mmol) in dry DMF at 0°C and the resulting 
mixture wao otirred at the same temperature for 20 min. A solution of 
(S^^al^rSaASJ-deeahydroifloguinoline-S-jy'-e-butylcarboxamida (71 mg, 0.338 
mmol) in dry DMF was added. After stirring at room temperature for 16 houro, 
the solvent wao removed in vacuo; the reoiduo wao taken up in ethyl acetate. 
20 The organic material was washed successively with water, IN HC1 and brine, 
dried over sodium sulphate and evaporated to give an oil which was 
chromatographed over 10<i MeOH:CHjCl 2 to give (3Jl5,4al*5,8aa5)-2-[ (25,35)- 
3-ben2yloxycarbonyl-L-asparaginylamino-2-hydroxy-4-phenylbutanoyl ) deca- 
hydroisoquinoline-3-ir-t-butylearboxamide (110 mg), m.p. 127-130°C. 

25 

Esonplo 2 

Compoundo of Formula (Xa) (As prepared by Reaction Scheme 3) 

A. - A solution of bensyloxycarbonyl-L-tf '-ethyl-asparagine (114 mg, 
0.389 mmol) and HOBt (60 mg, 0.389 mmol) in dry DHF (15 mL) wao cooled to 0°C. 

30 EDCI (186 mg, 0.973 osnol) wao added and the solution wao stirred at 0°C for 55 
min. A oolution of l-[ (25,35 )-3-amino-2 -hydroxy-4-phenylbutanoyl)-W'-t-butyl- 
L-prolinamido (135 mg, 0.389 nanol) in dry CH 2 C1 3 (10 mL) was added and the 
mixture* wao otirred at room tomporaturo for 24 houro. The solvent was removed 
In vacuo and tho reaiduo extracted with othyl acetate and water. The organic 

35 layer wao waohod with IN HC1, brine and dried over sodium sulphate. Solvent 
evaporation gave a oolld which wao purified by column chromatography (10$ 
MeOHseHjClt) and thick layer plate 6hromatography (10fc MeOHtCHjCl,) to give 1- 
[ (25, 35) -3- (benzyloxycarbonyl-L-tf '-ethylasparaginyl ) amino-2-hydroxy-4- 
phonylbutanoyl ] -IT r —£-buty 1-L-prolinamide (120 mg), m.p. 100-102°C; 

40 MS: 624.5(H+H)*. 

B. In a oimilar manner, but replacing bensyloxycarbonyl-L-*r- 
QthylnoporaginQ with tho appropriate compound of formula (G), the following 
compound of £ rmula (Xa) was made: 

1-f (25, 35) -3- ( e-but xycarbonyl-L-tf '-methylasparaginyl ) amino-2-hydroxy- 
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4-phenylbutanoyl]-tf '-t-butyl-L-prolinamide; m.p. 118-120°C; 
C. In a similar manner, the f 1 lowing compound waa made: 
(25, 3 a5 , 7a5) -1- ( ( 25, 35)'-3- (benzyloxycarbonyl- ( ( 25) -ethyl ) glycyl ) amino- 
2-hydroxy-4-phenylbutanoyl)octahydroindole-2-JT'-t- 
butylcarboxamide, m.p. 219-220°C. 

Example 3 

Compounds of formula (lb) 
A, A solution of guinaldic acid (36 mg, 0.207 mmol) and HOBt (27 mg, 
0.2 mmol) in dry DMP (15 mL) was cooled to 0°C under argon. EDCI (93 mg, 
0.486 mmol) was added and the solution was stirred at 0*C for 20 minutes. A 
solution of l-( (25,35)-3*L-asparaginylamino-2-hydroxy-4-phenylbutanoyl]-V-t- 
butyl-L-prolinamide (69 mg, 0.193 mmol) in dry C&&1 2 was added and the 
resulting solution was stirred at room temperature for 24 hours in the dark. 
The solvent was removed in vacuo and the residue taken up with ethyl acetate. 
The organic layer was washed successively with water, sodium bicarbonate 
solution and brine, dried over sodium sulphate and evaporated to give an oil. 
The material was purified by column chromatography (80% acetone ihexane to 
acetone) and thick layer plate chromatography (10% MeOH:CHjCl,) to give 
20 1- [ ( 25, 35) -3- ( quinol-2-ylcarbonyl-L-asparaginyl ) amino-2 -hydroxy- 

4-phenylbutanoyl]-IT-t-butyl-L-prolinamide (45 mg), m.p. 129-130 tt C; 
recrystallized from CHjCl^hexane, MS: 617. 3(M*), 600.1. 

B. In a similar manner , but replacing l-[ (25,35) -3-L-asparaginyl- 
amino-2-hydroxy-4-phenylbutanoylJ-ir'-t-butyl-L-prolinamide with other 

25 compounds of formula (L), the following compounds of formula (lb) were made: 

1- [ (2S, 35) -3- ( guinol-2-ylearbonyl-L-W ' -ethyl asparaginyl ) amino-2 -hydr oxy- 

4-phenylbutanoylJ-W'-t-butyl-L-prolinamide, m.p. 120-122°C; 

( 25 , 3a5, 7a5) -1- ( { 25, 35) -3- ( quinol-2-ylcarbonyl-L-asparaginyl ) amino-2 -hydroxy- 

4-phenylbutanoyl joctahydroindole-2-lf '-t-butylcarboxamide, 
30 m.p. 139-141°C; and 

(35, 4a5, 8a5)-2-[ (25, 35) -3- (quinol-2-ylcarbonyl-L-asparaginyl ) amino- 

2-hydroxy-4-phenylbutanoyl ] decahydroisoquinoline-3-tf '-t- 

butylcarboxamide, m.p. 128-130 # C. 

C. In a similar manner, but replacing l-( (25,35) -3-L-asparaginyl- 
35 amino-2 -hydroxy-4-phenylbutanoyl ) '-t-butyl-L-prolinamide with l-[ (25,35)- 

3-L-valylamino-2-hydroxy-4-phenylbut^ the 

following compound of formula (lb) was made: 

1- [ ( 25 , 35) -3- ( guinol-2-y lcarbonyl-L-valyl ) amino-2 -hydroxy- 

--phenylbutan y 1 ] -K ' - t-butyl-L-prolinamide ; m.p. 123-125°C. 
40 D * In * "isiilar manner, but replacing quinaldic acid with the 

appropriate compound f formula (M) and l-( (25,35) -3-L-asparaginylamino-2- 
hydroxy-4-phenylbutanoyl]-w-t-butyl-L-prolinamide with the appropriate 
compound f f rmula (L) , the following compounds f formula (lb) were made: 
l-[(25, 35) -3- ( 2- ( 6-methoxynaphth-2-yl ) ethanoyl-L-asparaginyl ) amino-2-hydroxy- 
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4-phonylbutanoyl]-ff'-t-butyl-L-prolinamidQ, m.p. 113-11S°C; 
(25, 3a5, 7aS) (25, 35) -3- f 2- (naphth-l-yloxy ) athanoyl-L-aoparaginyl ) amin - 
hydroxy-4-phenyl±iutanoy 1 ) octahydroindole-2-tf ' - t-buty lcarboxamide , 
m.p. 128-130°C; 

l-[ (25, 3S) -3- (2-(naphth-l-yloxy ) ethanoyl-L-aaparaginyl ) - amino-2 -hydroxy- 

4-phenylbutanoyl ] -If '-t -bu ty 1 -L-pr o Linamida , m.p* 118-119 °C; 
1- [ (2S, 35) -3- (2- ( naphth-l-yloxy ) ethanoyl-L-tf '-methylasparaginyl ) ami no- 2 - 

hydro>cy-4-phenylbutanoylJ-W r -t-butyl-L-prolinamido, m.p. 113-115°C; 
(25) -l-[ (25,35, )-3-(4-bromobensoyl-L-aBparaginyl)amino-2-hydro3cy- 

4-phenylbutanoyl] -piper idine-2-#'-t-butylcarboxamide, m.p. 122-124°C 
(4-R) -l-[ (25, 35) -3- (2-(naphth-l-yloxy )©thanoyl-L-aoparaginyl ) amino-2- 

hydroxy-4-phenyibutanoyl ] -4-hydroxy-tf '-t-butyl-L-prolinamide, 

m:p. 133-135°C; 

1- [ ( 25, 35) -3- ( 2- ( naphth-l-yloxy ) ethanoyl-L-asparaginy 1 ) - amino- 2 -hydroxy - 
4-phenylbutanoyl ] -IT ' - ( l-hydroxy-2-methylprop-2-y 1 ) -L-pro linamida , 
m.p. 125-127*C; 

( 4R ) -1- f ( 25, 35) -3- ( 2- ( naphth-l-yloxy ) ethanoy 1-L-aspar aginy 1 ) amino- 
2-hydroxy-4-phenylbutanoyl ) -4-ethoxy-*r '-t-butyl-L-prolinamide r 
m.p. 114-115°C; 

1- [ (25, 35) -3~ ( 2- ( 6-bromonaphth-2-yloxy ) ethanoyl-L-asparaginyi ) araino- 

2-hydro5ty-4-phenylbutanoyl ] -N t-buty 1-L-prolinamida , m.p. 114-115 °C; 
1- ( ( 25, 35) -3- (2- ( 6-bromonaphth-2-yloxy ) ethanoyl-L-valyl ) amino-2-hydroxy- 

4-phenylbutanoyl ] -tf ' -t-butyl-L-prolinamide , m.p. 13 5-137 °C; 
(25, JaS, 7a5) (25, 35) -3- (2- ( 6-bromonaphth-2-yloxy ) at hanoyl-L-aepar aginy 1) 

amino-2-hydro3ty-4-phenylbutanoyl ) oetahydroindole-2-tf ' - t- 

butylearboxamid®, m.p. 122-124°C; 
1- [ (25, 35) -3- (2- (l-bromonaphth-2-yloxy ) ethanoyl-L-valyl ) amino-2 -hy droxy- 

4-phonylbutanoyl]-tf'-t-bu<cyi-L-prolinamide, m.p. 1S0-181°C; 
1- [ ( 25 , 35 ) -3 - ( 2 - ( naphth-2-y ioxy ) ethanoyl-L-aspar aginy 1 ) amino-2 -hydroxy- 

4-phonylbut anoyl ] - ' - t-buty 1-L-pro linamida , m.p. 122-123°C; 
1- [ ( 25, 35) -3- (2- (naphth-2-yloxy ) ethanoyl-L-valyl ) amino-2-hydroxy- 

4-phanylbut anoyl J -IT ' - t-buty 1-L-prolinamida , m.p. 203-204 °C; 
1- [ ( 25 , 35) -3- ( 2- ( naphth-l-yloxy ) ethanoy 1-L-valyl ) amino-2 -hydroxy- 

4-ph©nylbutanoyl]-K'-t-butyl-L-prolinemide, m.p. 176-178°C; 
(15, 3a5, 7a£) -2-[ (25,35) -3*- { 2- (naphth-l-yloxy ) ©thanoyl-L-aoparaginyl ) amino- 

2-hydro:ry-4-phQnylbutanoyl ] oetahydroisoindole-l-tf 1- 

butyleorboxamidQ, m.p. 132-134°C; and 
( 1R, 3a&, 7aS) -2- 1 (25, 35) -3« (2- ( naphth-l-yioxy ) ethanoy l-L-aapar aginy 1 ) amino- 

2«hydroxy-4-phQnylbutanoyl] etahydroiaoind le-l-tf'-t- 

butylcarboxemid©, m.p. 145-146°Co 

E. In a oimilar manner, tho following compounds ware made: 
(25,3a5, 7a5)—l-[ (25, 35)-3-(bensoxa2ol-2-yl) -L-asparaginyl) amino- 

2°hydroxy-4«phQnylbutanoyl ] octahydroindolo-2-tf ' - t-buty Icarboxamide , 
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m.p. 159-161*0; 

( 2S, 3aS, 7aS) -1- [ ( 25 , 35) -3- (5- ( naphth-l-yloxy ) ethan yl- ( ( 25) - 

ethyl ) glycy 1 ) amino- 2 -hydroxy-4-pheny lbutanoyl ) octahydroindole- 
2-tf'-t-butylearboxamide, m.p. 117-119*0; 
5 (25, 3a5, 7a5) -1- [ ( 25, 35) -3- ( 2- ( naphth-l-yloxy )ethanoyl-L-valyl ) amino- 

2-hydroxy-4-pheny lbutanoyl ) octahydroindole-2-lf ' - t-butylcarboxamide , 
m.p. 103-104*0; 

( 25 , 3aS, 7a5) -1- [ ( 2S, 35) -3- ( quinol-2-ylcarbonyl-L-valyl ) amino- 

2-hydroxy-4-pheny lbutanoyl ) octahydroindole-2-» ' -t-butylcarboxamide , 
10 m.p. 130-132*0; 

(15, 3a5, 7a£) -2-[ { 25, 35) -3- (quinol-2-ylcarbonyl-L-aeparaginyl ) amino- 
2 -hydroxy-4-pheny lbutanoyl ]oetahydroieoindole-l-tf '-t- 
butylcarboxamide, m.p. 141-144°C; 
( 1R , 3 a*, 7a5) -2- [ ( 25, 35) -3- ( quinol-2-ylcarbonyl-L-aaparaginyl ) amino- 
15 2-hydroxy-4-pheny lbutanoyl ]octahydroieoindole-l-tf '-t- 

butylcarboxamide, m.p. 144-146*0; 
( 15 , 3aA , 7a5) -2- [ ( 25, 35) -3- ( 2- ( naphth-l-yloxy ) ethanoyl-L-aeparaginyl ) araino- 
2-hydroxy-4-phenylbutanoyl]octahydroieoindole-l-ir'-t- 
butylcarboxamide, m.p. 125-128*0; 
20 ( 1R, 3a5, 7a*)-2-( (25, 35) -3- (2- (naphth-l-yloxy ) ethanoyl-L-aaparaginyl ) amino- 
2-hydroxy-4-phenylbutanoyl)octahydroieoindole-l-jr'-t- 
butylcarboxamide, m.p. 123-125*0; 
( 15 , 35 , 55 ) -tf- 1 { 25 , 35 ) -3- ( 2- ( naphth-l-y loxy ) ethanoyl-L-aaparaginyl ) amino- 
2-hydroxy-4-pheny lbutanoyl J -2-azabicyclo [3.3.0] octane-3-K ' -t- 
25 butylcarboxamide, m.p. 109-110*0; 

( 1R , 2R , SR ) -tf- [ ( 25, 35) -3- ( 2- ( naphth-l-yloxy ) ethanoyl-L-aeparaginyl ) amino- 
2 -hydroxy-4-pheny lbutanoyl ] -2-azabicyclo [ 3 . 3 . 0 J octane-3-tf '-t- 
butylcarboxamide, m.p. 125-128*0; 
( 25 , 3 aS, 7 a5 ) -1- [ (25, 35) -3- ( 2 -phenoxy ethanoyl-L-aaparaginyl ) amino- 
30 2 -hydroxy-4-pheny lbutanoyl ) octahydro indole- 2 -IT '-t-butylcarboxamide , 

m.p. 116-118*0;- 

( 25, 3a5, 7aS)-l- [ ( 25, 3S) -3- (2- ( naphth-l-yloxy ) ethanoyl-L-aaparaginyl ) amino- 
2-hydroxy-4- ( 4 • -hydroxy ) pheny lbutanoyl 1 octahydroindole-2-K t- 
butylcarboxamide, m.p. 210-212*0 (decomp.); 
35 ( 25, 3aS , 7aS) -1- [ ( 25, 35) -3- ( 2- (pyrid-2-y loxy ) ethanoyl-L-aaparaginyl ) amino- 
2-hydroxy-4- ( 4 • -hydroxy ) pheny lbutanoyl J octahydroindole-2-K '-t- 
butylcarboxamide, m.p. 148-150*0; 
( 25 , 3 aS, 7aS) -1- { ( 25, 35 ) -3- ( 2- ( 3- ( morphol ino-4-y lme t hy 1 ) phenoxy ) ethanoyl- 
L-aaparaginyl ) amino-2-hydroxy-4-pheny lbutanoyl J octahydroindole-2-*r-t- 
40 butylcarboxamid , m.p. 108-110*0; 

(2S,3aS,7aS)-l-((2S r 3S)-3-(benzimidaz 1-5-yl-L-aeparaginyl ) amino- 
2-hydroxy-4-phenylbutanoyl Joctahydroind le-2-K'-t- 
butylcarboxamide, m.p. 108-110*0; 

F. A e lution of (3*5,4aA5,8aA5)~2-( (25,35)-3-benzyloxycarbonyl-L- 
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a^aragi^ylamino*2-hydroxy-4-ph8nylbutanoyl]decahydroisoquinoline-3-W'-t- 
butylcarboxamide (110 ©g, (J." 183 mmol) in abooluto ethanol was hydrogenated 
over lOfc Pd/C for 6 hours. The catalyst wao filtered through Celite under 
suction, the filtrate wan evaporated to give (3KS,4a*S,8aJlS)-2-( (2S,3S)- 
5 3-L-asparaginylamino-2-hydroxy-4«phenylbutanoyl J decahydroisoguinoline-3-tf '- t- 
butylearboxamide as an oil. Without any further purification, EDCI (48 mg, 41 
mmol) wao added to a solution of quinaldic acid (24.5 mg, 0.163 mmol) and HOBt 
(22 mg, 0.163 mmol) in dry DMF at 0°C. After 20 min., a DMP oolution of 
( 2RS, 4&R5, &&RS) -2- [ (2S, 3S) -3-L-asparaginylamino-2-hydro3ty-4-phonylbutanoyl ] - 

10 decahydroiooquinoline-3-tf '-e-butyicarboxamido wao added and the mixture wao 
stirred at room temperature overnight. The solvent was removed in vacuo, the 
residue was taken up in ethyl acetate. The organic mixture was washed 
succesoively with IK HCl, brine, and dried over sodium sulphate. Solvent 
evaporation gave a product as a solid which was further purified by column 

15 chromatography (105 MeOH: CHjClj) to give (3*S,4aRS,8a*S)-2-( (2S,3S)-3-(guinol- 
2-ylcarbonyl-L-asparaginylamino ) -2-hydroxy«4-phenylbutanoyl J -decahydroiso- 
quinoline-3-tf '-t-butylcarboxamide as a white solid, I.R. (KBr): 3340, 1660- 
1680 cm" 1 . 

20 Bjsonpio 6 

(Compounds of Formula (lb) wherein R 1 is optionally substituted 

substituted carbamoyl) 
A. A solution of 2-aminomethylpyridine (5 g, 46 mmol) in CH 2 C1 2 (5 mL) 
was added to a solution of di-t-butyldicarbonate (10.2 g, 97fc, 45.33 mmol) in 
25 CHjClj (80 mil) at 0°C. The reaction mixture* was stirred at 0°C for 2 hours, 
and then warmed up to room temperature overnight. The mixture was extracted 
with water (2 X 50 mL), dried over sodium sulphate and evaporated to give a 
yellowioh oil (9.1 g). A portion of this material (8.1 g, 38.9 mmol) was 
dissolved in THP at 0°C. NaH (2.1 g, 52.5 mmol) was added and the mixture was 
30 stirrod for IS minutoo. Methyl iodide (6.8 g, 47.9 mmol) wao added. After 
stirring for 90 minutoo, the reaction was quenched with ice and evaporated to 
give an oil. Tho rtsoidue was extracted between ether and water, dried over 
sodium oulphato and avaporated to yield AT-{ fc-butoxycarbonyl)-tf-methyl-tf- 
(pyrid-2«ylmatfayl) amine, ao an oil (6.5 g). 
35 B . Proceeding , IT- ( t-Butoxycarbony 1 ) -ff-methy l-#- ( pyr id-2 - 

ylmethyl) amino (2 g, 9.0 mmol) wao added to a saturated solution of HCl gas in 
-dry CH^ljo Aftor 45 minutes, the solution wao diluted with CHjCl 2 (100 mL) and 
baoifiod to pH 10 by the a Ion addition of triethylamine. The solution wao 
extracted with water, dried over sodium oulphate and evaporated to give (tf~ 
40 mothyl-I/° (pyridin-2-ylmethyl ) amino a white s lid (1.06 g) . Diphosgene (4 g, 
20.2 mmol) wao added t dry ethyl acetate (15 mL) at room temperature. A 
solution f valino mothyl ester (3.96 g, 23.6 ssnol) was added dropwise. An 
exothermic reaction took place and the mixture wao stirred for 3 hours. 
Solvent evaporation gave a solid which was pumped to constant weight. This 
45 material wao chlorocarbonyl-valine methyl ester. Without further 
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purification, this material (0.99 g) was mixed with a solution of ff-methyi-tf- 
(pyrid-2-ylmethyl) amine (0.J5 g) in ethyl acetate (12 mL) . After 18 houre at 
room temperature the filtrate was diluted with ethyl acetate and extracted 
with saturated sodium bicarbonate solution. The organic extract was washed 
5 with brine, dried over sodium sulphate, and evaporated to give an oily 
residue. This material was chromatographed on silica gel (75% ethyl 
acetate :hexane) to give K-methyl-*r-(pyrid-2-ylmethyl) carbamoyl -valine methyl 
ester (0.38 g) • 

C. Proceeding, NaOH solution (0*5 mL, cone: 100 mg solid NaOH/mL 

10 water, 1.25 mmol) was added to a solution of K-methyl-Jf- (pyrid-2- 

ylmethyl) carbamoyl -valine methyl ester (0.308 g, 1.1 mmol) in dioxane (8 mL) 
and water (4 mL) at 0°C. After 2 hours, the mixture was stirred at room 
temperature for 1 hour and neutralised to pH 7 with the addition of two drops 
of cone. HC1. The material was evaporated to dryness to give tf-methyl-N- 

15 <pyrid-2-ylmethyl) carbamoyl-valine sodium salt as a foam (0.33 g) . 

0. Proceeding, a solution of N-methyl-tf-(pyrid-2-ylmethyl) carbamoyl- 
valine sodium salt in dry DMF (65 mg, 0.26 mmol) was mixed with EDC1 (190 mg, 
1 mmol) and HOBt (51 mg, 0.33 mmol) at 0°C. After 1 hour, a solution of 
(2S,3aS,7aS)-l-[ (2S, 3S)-3-amino-2-hydroxy-4-phenylbutanoyl]octahydroindol -2- 

20 tf'-t-butylcarboxamide (102 mg, 0.24 mmol) in dry DMF (4 mL) was added. After 
stirring for 16 hours, the solution was evaporated to dryness under reduced 
pressure. The residue *as partitioned between ethyl acetate and water. Th 
organic extract was wasned with saturated sodium bicarbonate solution, brine, 
dried over sodium sulphate and evaporated to given an oil. The material was 

25 purified by column chromatography (5% MeOH: ethyl acetate) to give 

( 2S , 3aS, 7 as ) -i- ( ( 2S, 3S ) -3- ( H * -methyl-** - ( pyr id-2 -ylmethy 1 ) carbamoy 1-L- 

valyl ) amino-2-hydroxy-4-phenylbutanoy 1 ) octahydroindole-2-IT ' - t-buty lcarboxamide 

(45 mg), ra.p. 109-112°C. 

30 Example 5 

(Alternative Preparation of Compounds of formula (la)) 

A. A solution of 4-t-butoxyearbonylamino-l-benzylpiperidine (3.12 g, 
10.7 mmol) in absolute ethanol was hydrogenated over 10% Pd()H) 3 /C at 50 psi H 2 
for 3 hrs. This catalyst was removed by suction filtration through Celite. 

35 Solvent evaporation gave 4-t-butoxyearbonylamino-piperidine as a white solid 
(2.1 g), m.p. 159-161°C. 

B. Proceeding, 4-t-butoxycarbonylaminopiperidine (1.45 g, 7.25 mmol) 
was added to a suspension of chlorocarbonyl-valine methyl ester (from Example 
4B above, 0.73 g, 3.78 mmol) in ethyl acetate (30 mL). The material was 

40 stirred for 20 hours, at room temperature. The insoluble white solid was 

filtered. Th filtrate was extracted with ethyl acetate and saturated sodium 
bicarbonate. The organic extract was washed with brine, dried over sodium 
sulphate and evaporated to give an oil. The material was chromatographed n 
silica gel (2% MeOH: ethyl acetate) t give ( 4- ( t-butoxycarbony lamino ) piper id- 

45 l-yl)earbonyl-valine methyl ester as an oil (0.39 g). Part of this material 
(200 mg) was mixed with dioxane (8 mL) and water (4 mL) at 0°C. NaOH solution 
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(0.5 mL, cones 53 xng NaOH/ml water) was added. The mixture was stirred at 
0°C for 2 hours and room temperature for 10 hours. The solution was 
neutralised to pH 7 with 6N BC1 and evaporated to dryness. The solid residue 
was azeotroped with acetonitrile and pumped to constant weight (188 mg). This 
5 material was crude (4-(t-butoxycarhonylamino)piperid-l-yl)carbonyl-valine 
sodium salt, m.p. 110-113 °C. 

C. Proceeding, ( 4- ( t-butoxycarbonylamino ) piperid-l-yl ) carbonyl-valine 
sodium salt (154 mg) was coupled to (2S,3aS, 7aS)-l-( { 2S r 3S) -3-amino-2 -hydroxy- 
4-phenylbutanoyl]octahydroindole-2-IT'-t-butylcarboxamide (136 mg, 1.31 mmol) 

10 in the same manner as described in Example 4D above to give (2S,3aS,7aS)-l- 
[ (2S, 3S) -3- ( (4- ( t-butoxycarbonylamino ) piperid-l-yl ) carbonyl-L-valyl ) amino-2- 
hydroxy-4-phenylbutanoy 1 ] oetahydroindole-2-*r '- t-buty Icarboxamide . The product 
was isolated by column chromatography (75% ethyl acetate :hexane to 100% ethyl 
acetate), to yield 46 mg, m.p. 149-151°C. 

15 D. Proceeding, (2S,3aS,7aS)-l-( (2S,3S)-3-( (4-( t-butoxycarbonyl- 

amino ) piperid-l-yl ) carbonyl-L-valyl ) amino-2-hydroxy-4-phenylbutanoyl ) octa- 
hydroindole-2-Jf '-t-butylcarboxamide (44 mg, 0.06 mmol) from above was added to 
a solution of CH 2 C1 2 (20 mL) presaturated with HC1 gas. The mixture was 
stirred at room temperature for 2 hours. The solvent was evaporated under 

20 reduced pressure. Ether was added and the insoluble solid was filtered to 

give (2S,3aS,7aS)-l-[ (2S,3S)-3-( (4-aminopiperid-l-yl) carbonyl-L-valyl )amino-2- 
hydroxy-4-phenylbutanoyl ) octahydroindole-2-*r '-t-butylcarboxamide hydrochloride 
(24 mg), m.p. 210-212°C. 

25 Example 6 

Oxidation of Compounds of Formulae (la) and (lb) 
A. Pyridinium dichromate (360 mg, 0.98 mmol) was added to a solution 
of l-[ (2S,3S)-3-(benzyloxycarbonyl-L-asparaginyl)amino-2-hydroxy-4- 

phenylbutanoyl]-K r -t-butyl-L-prolinamide (100 mg, 0.173 mmol) in CH 2 C1 2 (10 mL) 

30 and DMF (2 mL). The solution was stirred at room temperature for 6 hours. 
The material was poured onto ice-cold water and extracted with CHjCLj. The 
organic extract was washed with brine, dried over sodium sulphate , and 
evaporated to give an oil. The material was purified by column chromatography 
(10% HeOHiCHjCLj) and then reverse phase HPLC (CH 3 CN:50 mM NH<OAc buffer) to 

3 5 give . [ ( 23 ) - ( benzy loxy carbony 1-L-asparaginyl ) amino-2-oxo-4-pheny lbut anoy 1 J-IT'- 
t-butyl-L-prolinamide as a solid (10 mg), m.p. 85-67°C; MS: 594(M+Hp. 

B* Alternatively, EDCI (198 mg, 0.1 mmol) was added to a mixture. of 
toluene (4 mL) and DKSO (1 mL) . After 15 minutes, l-[ (25,3S)-3- 
( benzy loxy carbony 1-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl J -K '-t-butyl- 

40 L-prolinamide (100 mg, 0.173 mmol) and CF 3 COOH (0.1 mL) was added. The 

mixtur was stirred at room temperature f r 24 h urs, and then diluted with 
ethyl acetate (50 mL) • The soluti n was washed five times with water (10 mL 
each time), dried ver sodium sulphate and evaporated to give an oil. The 
material was purified by reverse phase HPLC (CH 3 CN:50 mM NH<0Ac buffer) to give 

45 [ ( 3S ) - (benzy loxyearbony 1-L-asparaginyl ) -amino-2-hydroxy-4-phenylbutanoyl J ' - 
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t-butyl-L-pr linamide as a solid {20 mg), m.p. 85-87 # C, MSt 594(M+H)+. 

C. In a similar manner, but replacing l-( (2S,35)-3-(benzyloxy- 
carbonyi-L-asparaginyl) amino-2-hydr xy-4-phenylbutan ylJ-ir-t-butyl-L- 
prolinamide with [ ( 25, 35) -3-benzyloxycarbonylamino-2-hydroxy-4- 
5 phenylbutanoylj-tf '-t-butyl-L-prolinamide, a compound of formula (N), the 
following compound was madex 

[ ( 35 ) -3-benzyloxycarbonylamino-2-oxo-4-phenylbutanoyl ] -tf t-butyl- 
L-prolinamide, as a foam. 



10 Example 7 

Reeguilibration of Enantiomers 
Lithium diisopropylamide (0.53 mL, 0.81 mmol, 1.5 M solution in THF) was 
added to a solution of (25,3S)-3-benzyloxyearbonylamijio-2-hydroxy-4-phenyl- 
butanoic acid methyl ester (110 mg, 0.323 mmol) in dry THF under argon at 

15 -78°C and the resulting solution was stirred for 10 minutes. Chlorotri- 

methylsilane (0.1 ml, 0.64 mmol) was added at -78*C. The mixture was stirred 
at the same temperature for 40 min. , lithium diisopropylamide (0.53 mL, 0.81 
mmol, 1.5 M solution in THF) was again added and the mixture was stirred at 
-78 °C for another 45 minutes. The mixture was poured onto ice cold citric 

20 acid and extracted with ethyl acetate. The organic phase was washed with 3N 
HC1 and brine, dried over sodium sulphate and evaporated to give an oil. The 
oil was loaded onto a silica gel column and left for 2 hours before elution 
with 30% ethyl acetate : hexane to give the two stereoisomers, (25,35)- 
3-benzyloxyearbonylamino-2-hydroxy-4-phenylbutanoic acid methyl ester and 

25 (2il,35)-3-benzyloxycarbonylamino-2-hydroxy-4-phenylbutanoic acid methyl ester. 
H-NMR indicated the two stereoisomers were formed in about 1:1 ratio (80 mg). 



Example 8 

Preparation of an Acid Addition Salt 
30 of a Compound of Formula (I) 

HC1 gas is bubbled into a solution of l-( (25,3S)-3-(benzyloxycarbonyl-L- 
asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl ( 2- (morpholin-4-yl ) ethyl ) -L- 
prolinamide (100 mg, 0.153 mmol) in methylene chloride (15 mL) for 5 minutes. 
The solution is stirred at room temperature for 10 minutes and evaporated to 
35 dryness. This gives l-[ (2S,35)-3-(benzyloxycarbonyl-L-asparaginyl)amino-2- 
hydroxy-4-phenylbutanoyl )-ff '-(2-( morpholin-4-yl ) ethyl ) -L-prolinamide 
hydrochloride as the product. 

Example 9 

40 Preparation of the Free Base from the Salt of a 

Compound of Formula (I) 
A solution f l-[ (2S,3S)-3-(benzyloxycarbonyl-L-aeparaginyl)amino-2- 
hydr xy-4-phenylbutanoyl]-*r'-(2-(morpholin-4-yl)ethyl)-L-prolinamide 
hydrochloride (100 mg, 145 mmol) in dry CH^Cl, (20 mL) is mixed with 
45 triethylamine (0.021 mL, 145 mmol) and stirred at room temperature for 30 
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minutes. The solution is extracted with water, the organic layer is dried 
over sodium sulphate and evaporated to give l-[ (2S,3S)-3-(benzyloxycarbonyl-L- 
asparaginyl ) amino-2 -hydr oxy-4-pheny lbut anoy 1 ] -y-(2- (morpholin-4-yl ) ethyl ) - 
L-prolinamide . 

5 

EXAMPLE 10 

This example illustrates the preparation of representative 
pharmaceutical compositions for oral administration containing a compound of 
formula (I) r or a pharmaceutically acceptable salt thereof, e.g., 
10 (2S, 3 as, 7aS) -1- [ (25, 2S) -3- (2- ( naphth-l-yloxy ) ethanoyl-L-asparaginyl ) amino-2- 

hydroxy-4-phenylbutanoyl]octahydroindole-2-Jf'-t-butylcarboxamide: 

A. Ingredients % wt./vt. 
Compound of formula (I) 20.0% 
Lactose 79.5% 

15 Magnesium etearate 0.5% 

The above ingredients are mixed and dispensed into hard-shell gelatin 
capsules containing 100 mg each, one capsule would approximate a total daily 
dosage. 

B. Ingredients % wt./wt. 
20 Compound of formula (I) 20.0% 

Magnesium etearate 0.9% 
Starch 8.6% 
Lactose 79.6% 
PVP (polyvinylpyrrolidine) 0.9% 
The above ingredients with the exception of the magnesium stearate are 
combined and granulated using water as a granulating liquid. The formulation 
is then dried, mixed with the magnesium stearate and formed into tablets with 
an appropriate tableting machine. 
C. Ingredient 
30 Compound of formula (I) 0.1 g 

Propylene glycol 20.0 g 

Polyethylene glycol 400 20.0 g 

Polysorbate 80 1.0 g 

Water q#B# 10 o mL 

The compound of formula (I) is dissolved in propylene glycol, 
polyethylene glycol 400 and polysorbate 80. A sufficient quantity of water is 
then added with stirring to provide 100 mL of the solution which is filtered 
and bottled. 

D. Ingredients % wt./vt. 

40 Compound of formula (I) 20.0% 

Peanut Oil 78.0% 
Span 60 2.0% 
The above ingredients are melted, mixed and filled into soft elastic 
capsules . 

45 



25 



35 
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EXAKPLE XI 

This example illustrates the preparation of a representative 
pharmaceutical formulation for parenteral administration containing a compound 
of formula (I), or a pharmaceutical^ acceptable salt thereof, e.g., 
5 ( 2S, 3aS, 7aS) -1- [ ( 2S , 3S ) -3- ( quinol-2-y lcarbonyl-L-asparaginyl ) amino- 2 - 

hydroxy-4-phenylbutajioyl)octahydroindole-2-*r'-t-butylcarboxamide: 
Ingredients 

Compound of formula (I) 0.02 g 

Propylene glycol 20.0 g 

10 Polyethylene glycol 400 20.0 g 

Polyeorbate 80 1.0 g 

0.9% Saline solution q.s. 100 mL 

The compound of formula (I) is dissolved in propylene glycol, 
polyethylene glycol 400 and polyeorbate 80. A sufficient quantity of 0.9% 
15 saline solution is then added with stirring to provide 100 mL of the I.v. 

solution which is filtered through a 0.2 p membrane filter and packaged under 
sterile conditions. 



20 



EXAMPLE 12 

This example illustrates the preparation of a representative 
pharmaceutical composition in suppository form containing a compound of 
formula (I), or a pharmaceutical^ acceptable salt thereof, e.g., {1S,3S,5S)« 
tf- [ ( 2S P 3S)-3- ( 2 - ( naphth-l-yloxy )ethanoyl-L-aeparaginyl ) amino-2-hydroxy- 
4-phenylbutanoyl ] -2-asabicyclo [3.3. 0 ]octane-3-*T '-t-butylcarboxamide : 
25 Ingredients % wt./wt. 

Compound of formula (I) i.o% 
Polyethylene glycol 1000 74.5% 
Polyethylene glycol 4000 24.5% 
The ingredients are melted together and mixed on a steam bath, and 
30 poured into molds containing 2.5 g total weight. 

EXAMPLE 13 

This example illustrates the preparation of a representative 
pharmaceutical formulation for insufflation containing a compound of formula 
> or a pharmaceutical^ acceptable salt thereof, e.g., (15,3a5,7aft)-2- 

[ ( 2S , 3S) -3- ( 2- ( naphth-l-y loxy ) ethanoyl-L-asparaginyl ) -amino-2-hydroxy- 
4-phenylbutanoyl loctahydroisoindoler-l-W '-t-butylcarboxamide: 

Ingredients % wt./wt. 

Mieronized compound of formula (I) 1.0% 
1 Micronized lactose 99.0% 

The ingredients are milled, mixed, and packaged in an insufflator 
equipped with a d sing pump. 



EXAMPLE 14 

This example illustrates the preparation of a representative 
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pharmacautical formulation in nebulized form containing a compound of formula 
(I), r a pharmaceutical^ "acceptable salt thereof, e.g., (!S,3aS,7aJ?)-2- 
[ (25, 3S) -3-(quinol-2-yiearbonyl-L-asparaginyl ) amino-2-hydroxy-4-phenyl- 
butanoyl ] octahydroieoindoie-l-tf ' - t-buty lcarboxamide : 
5 Ingredients % wt./wt. 

Compound of formula (I) 0.005% 
Water 89.995% 
Ethanol 10.000% 
The compound of formula (I) is dissolved in ethanol and blended with 
10 water. The formulation is then packaged in a nebulizer equipped with a dosing 
pump. 

EXAKPUS 15 

This example illustrates the preparation of a representative 
15 pharmaceutical formulation in aerosol form containing a compound of formula 
(I), or a pharmaceutical^ acceptable salt thereof, e.g., l-[ (2S,3S)-3- 
(benryloxycarbonyl-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl ] -H '-t-butyl- 
L-prolinamide : 

Ingredients % wt./wt, 

20 Compound of formula (I) 0.10% 

Propellant 11/12 98.90% 
Oleic acid 1.00% 
The compound of formula (I) is dispersed in oleic acid and the 
propellants. The resulting mixture is then poured into an aerosol container 
25 fitted with a metering valve. 

Example 16 

(In vitro assay for inhibition of HIV protease activity) 
HIV protease, as encoded in the BR0 strain of HIV-1, was obtained from 

30 microbially expressed fusion protein, after refolding, autoprocessing and 
purification, and used to evaluate the potency of compounds of formula (I). 
The HIV protease-mediated hydrolysis of the peptidyl substrate, Val-Ser-Cln- 
Asn- ( p-naphthyi ) Aia-Pro-ri#- Vai , was monitored by modification of the method 
described in Heimbach, J.C., Gars Icy, V.K., Michel son, S.R., Dixon, R.A.F., 

35 Sigal, I.S. and Darke, P.L., Biachmm. Biophym. Rem* Commun . (1989), Vol. 164, 
pp. 955-960. Stock solutions of compounds of formula (I) were prepared in 
dimethylsulf oxide . 

Reactions were initiated by addition of 25 pL of 120 pH HIV protease in 
50 mK sodium acetate at pH 5.5 containing 10% glycerol, 1 mM dithiothreitol 

40 and 1 mg/mL bovine serum albumin to 75 ytL of 13.3 fiH substrate in 50 mM sodium 
acetate, pH 5.5 c ntaining 1.33 M sodium chloride, 10% glycerol and 2.66% 
dimethylsulf oxide, with or without a compound of formula (I). The reaction 
mixtures were quenched after 30 minutes at 30°C by addition of 100 of 12% 
acetic acid containing 100 pM CBZ-tyr sine, an internal standard to facilitate 

45 quantitation of products by HPLC ( Perkin-Elmer RP-C18 reverse phase; gradient 
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eluti n with 0.1% aqueous phosphoric acid/acetonitril mixtures, (80:20) to 
(50:50) over 5.5 minutes at '2.5 mL/min. Product peeks were detected with a 
Hewlett-Packard HP 1046A fluorescence detect r, 1( excitation) « 228 nxn and 
A (emission) - 336 nM. The IC» values were calculated by fitting of data to 
5 the equation. 

V - V — /(l ♦ [I]/IC») 
wherein V is the observed rate of the reaction, V_ is the uninhibited 
reaction rate, [I] is the concentration of the compound of formula (I) and IC* 
is the concentration of the compound of formula (I) required to reduce 
10 protease activity by fifty percent* 

Compounds of formula (X), when tested by this assay, demonstrated the 
ability to inhibit HIV protease activity as shown in the following table. 

X&B&gJL 

NSi Compound ic«« nM 

1) (2S,3aS,7aS)-l-[ (2S,3S)-3-(2-(naphth-l- 1 # 1 
yloxy)ethanoyl-L-asparaginyl)amino-2-hydroxy- 

4-pheny lbutanoy 1 ] octahydroindole-2-K ' - 1- 
butylcarboxamide 

2) l-[ (2S,3S)-3-(2-(naphth-l-yloxy)ethanoyi-L- 0.58 
asparaginyl ) amino-2-hydroxy-4-pheny lbutanoy 1 ] - 

H ' - t-but y 1 -L-pr o 1 inamide 

25 3 ) 1*1 (2S,3S)-3-(quinol-2-ylcarbonyl-L-asparaginyl)- 1.5 

amino-2-hydroxy-4-pheny lbutanoy 1 c -butyl - 
L-prolinamide 

4) (2S,3aS,7aS)-l-[ (2S,3S)-3-(2-(6-bromonaphth-2- 5.8 
30 yloxy ) ethanoyl-L-asparaginyl ) amino-2-hydroxy-4- 

pheny lbutanoy 1 )octahydroindoie-2-ir- t-butylcarboxamide 

5) (IS, 35, 5S)-*r-[ (2S,3S)-3-(2-<naphth-l-yloxy)- 0.49 
ethanoyl-L-asparaginyl ) amino-2-hydroxy-4-phenyl- 

3 5 butanoyl ) -2-axabicyclo (3.3.0) octane-3-tf '-t-butyl- 

carboxamide 



20 



40 



6) (15,3aS,7a*)-2-{ (25,35)-3-(quinol-2-ylcarbonyl- 1.3 

L-asparaginyl ) amino-2-hydroxy-4-pheny lbutanoy 1 ) - 
oct ahydroisoindo le-l-tf c-buty Icarboxamide 



7) (lS,3S,5S)-jr-[(2S,3S)-3-(benzyloxycarbonyl- 2.3 
L-asparaginyl ) amino-2 -hydroxy- 4-pheny lbutanoy 1 ] -2- 

asabicyclo [3.3.0] octane-3-K t-butylcarboxamide 

45 

8) (15,3aH,7a5)-2-((25,3S)-3-(2-(naphth-l-yloxy)- 0.26 
ethanoyl-L-asparaginyl ) amino-2 -hydroxy-4-pheny 1- 

butanoyl ] -octahydroisoindole-2-JT '-t-butylcarboxamide 

50 9) <2S,3aS,7aS)-l-[(2S,3S)-3-(quinol-2-ylcarbonyl- 1.3 

L-asparaginyl ) amino-2 -hydroxy-4-pheny lbutanoy 1 ) - 
octahydroindole-2-tf ' -t-butylcarboxamide 

10 ) ( 2S, 3aS, 7aS) -1- [ ( 2S, 35) -3- ( 2- ( naphth-l-y loxy ) - 5.7 

55 ethan yl-L-valyi ) amino-2-hydr xy-4-pheny lbutanoy 1 J- 

octahydr ind le-2-JT- t-butylcarboxamide 



60 



11) (2S,3aS,7aS)-l-[ (25,35)-3-(2-(naphth-l-yloxy)- 3.6 

ethanoyl-L-valyl ) amino-2-hydroxy-4-pheny lbutanoy 1 ] - 
octahydroindole-2-ir '-iso-propylcarboxamide 
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Table 1 continued 

12 ) (25, 3 , 7a5) -1* [ ( 25 , 35 > -3- ( quinol-2 -ylearbonyl- 30 . 0 
5 L-valyl ) amino-2 -hydroxy-4-phenylbutanoy 1 J -octahydro- 

indole-2-y '-t-butylcarboxamide 

13) (2S,3a5,7a5)-l-[ (25,3S)-3-{2-phenoxyethanoyl-L- 1.9 
asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl } - 

10 oetahydroindole-2-K ' -t-butylcarboxamide 

14 ) ( 25, 3a5, 7a5)-l- [ (2S, 35) -3- (y-methyl-IT'- (pyrid- 25.0 
2-ylmethyl ) carbamoyl-L-valyl ) amino-2-hydroxy-4- 
phenylbut anoy 1 ) octahydroindole-2-lf ' -t-butylcarboxamide 



15 



25 



15) l-[ (25, 35) -3- (quinol-2-ylcarbonyl-L-valyl ) amino- 4.3 

2 -hydr oxy-4-pheny lbut anoy 1 ) -IT '-t-butyl-L-prolinamide 



16) l-[ (25, 35) -3-(2-naphth-l-yloxy) ethanoyl-L-asparaginyl ) - 1.3 
20 amino-2-hydroxy-4-phenylbutanoyl ] -IT ' - t-bu ty 1-L-pr o 1 inamide 

17) l-[ (2S,35)-3-(2-naphth-l-yloxy)ethanoyl-L-aaparaginyl)- 10.0 
amino-2 -hydr oxy-4- ( 4 1 -hydroxy-phenyl ) butanoy 1 J octahydro- 
indole-2-JT '-t-butylcarboxamide 



18 ) 1- [ ( 25, 35 ) -3- (2-naphth-2-yloxy) ethanoyl-L-valyl ) amino- 2 . 8 

2-hydroxy-4-phenylbutanoyl ] -N '-t-butyl-L-prolinamide 



Example 17 

30 (In vitro cell assay for inhibition of HIV activity) 

A common feature of retrovirus replication is the extensive post- 
translational processing of precursor polyproteins by a virally encoded 
protease, such as HIV protease, to generate mature viral proteins required for 
virus assembly and function. Examples of these viral proteins are reverse 

35 transcriptase and p24 core antigen. The following assay measures the level of 
reverse transcriptase and p24 core antigen present in the growth medium after 
innoculation of cells with the virus and subsequent treatment with a compound 
or formula (I). A direct correlation may then be made between the level of 
reverse transcriptase or the level of p24 core antigen found in the growth 

40 medium and the amount of virus produced in the cell. The amount of virus 

remaining in the cell is a direct indication of the anti-viral activity of the 
compound tested* 

The cells used in this assay were A301 (ALEX) cells, a continuous human 
T-cell line. The cell growth medium was RPMI-1640 (JR Scientific), 

45 supplemented with 5% fetal bovine serum (FBS, JR Scientific). The A301 cells 
were obtained from the KIB repository. The cells were infected with virus 
for 3 hours at 37°C in 5% CO] in air. Cells were also mock-infected at the 
same time to be used to detect cytotoxicity and to serve as cell controls. 
Compounds of formula (I) were solubilised in either growth medium or dimethyl 

50 sulfoxide, dependent upon solubility. Compounds of formula (I) were then 

serially diluted in 96-well plates. The final v lume f the compounds in the 
test wells was 100 pL* After the 3 h ur infection incubation, the cells were 
washed three times to remove unabsorbed virus. The infected cells and 
uninfected cells were then added to appropriate wells of the plates at a 
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eoneentration f 3.75 x 10 4 in 150 j/L. All plates wtre incubated for 7 days. 
A 100 change of medium and compound was perf rmed on Day 4. At the end of 
the 7 day incubation, the plates were evaluated for cytotoxicity and p24 core 
antigen and/or reveree transcriptase (RT) levels. The cytotoxicity of the 
5 compounds of formula (I) was evaluated by visual inspection using cell 
morphology and cell death as criteria. The p24 core antigen level was 
determined by ELISA using the DuPont p24 Core Antigen test kit according to 
the method specified by the manufacturer. Virus production was determined by 
RT levels. 

10 The RT assay was performed as previously described in Bxochem. 

Pharmacol. (1987), Vol. 36, pp. 4361-2 whereby an aliquot of supernatant was 
mixed with 3.2% Triton-X100* to disrupt and inactivate the virus. After a 30 
minute incubation period at 37°C, the assay mixture was added to the Triton- 
X100* supernatant samples and incubated for 1 hour at 37°C. The assay mixture 

15 contained 201.0 mmol TRIS buffer (pH 8.0), 20.1 mmol MgCl„ 603.0 mmol KC1, 20 
romol dithiothreitol, 0.02 jig/mL Poly (A) (SIGMA), 0.0023 yg/mL Oligo (dT) 12- 
18 (PHARMACIA) , and 5.1 Mmol [*H]thymidine triphosphate (25 Ci/mmol, DuPont 
New England Nuclear). Aliquot s were then spotted on DEAE paper, washed 3 
times with a mixture of 5% trichloroacetic acid and 1% pyrophosphate, and 

20 fixed in 95% reagent grade ethanol. Radioactivity was measured using a liquid 
scintillation spectrophotometer, after adding 7 mL of ReadySafee (Beckman) to 
each vial. The effective concentration 50% (EC*) and effective concentrati n 
90% (EC,o) were defined as the concentration of a compound at which the reverse 
transcriptase values or p24 levels were reduced by 50% or 90%, respectively, 

25 as compared to the reverse transcriptase value or level of p24 obtained from 
untreated virus control supernatant. These values were determined 
graphically. 

Compounds of formula (I) demonstrated the ability to inhibit HIV 
production when tested by this assay. 

30 

Example 18 

(In vitro cell assay for inhibition of HIV activity) 
The following assay measures the level of p24 core antigen present in 
the cell-free supernatant after innoculation of cells with the virus and 

35 subsequent treatment with a compound of formula (I). As described above in 

Example 15 for reverse transcriptase, a direct correlation may be made between 
the level of p24 core antigen found in the supernatant and the amount of virus 
produced in the cell. The amount of virus remaining in the cell is a direct 
indication of the anti-viral activity of the compound tested. 

4 ° The cells used were MT-2 cells, a continuous human T-cell line 

transformed with HTLV-1. The cell growth medium was RPMI-1640 (JR 
scientific), supplemented with 5% fetal b vine serum (PBS, JR Scientific). 
The virus strain (HTLV-III„) and the MT-2 cells were all obtained from the 
NIH repository. The cells were infected with virus for 1.5 hours at 37*c in 

45 5% CO, in air.* Cells were als mock- infected at the same time to be used to 
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10 



15 



20 



25 



30 



35 



detect cytotoxicity and to serve as cell controls, compounds of formula (I) 
were solubilixed in dimethyl sulfoxide. The compounds were then serially 
diluted in 9 6- we 11 plates. * The final volume of the compounds in the test 
wells was lOOpl. After the 1.5 hour infection incubation, the cells were 
washed three times to remove unade orbed virus. The infected cells and 
uninfected cells were then added to appropriate wells of the plates at a 
concentration of 3.75 x 10 4 in 150^1. All plates were incubated for 72 hours. 
At the end of the 72 hours incubation, the plates were evaluated for 
cytotoxicity and p24 core antigen. The cytotoxicity of the teet compounds was 
evaluated by visual inspection using cell morphology and cell death as 
criteria* The p24 core antigen level in the supernatants was determined by 
ELISA using the DuPont p24 Core Antigen test kit according to the method 
specified by the manufacturer. 

The effective concentration 50% (EC*) and effective concentration 90% 
(ECgo) were defined as the concentration of a compound of formula (I) at which 
the p24 levels were reduced by 50% or 90%, respectively, as compared to the 
level of p24 obtained from untreated virus control supernatant* These values 
were determined graphically* 

Compounds of formula (X) demonstrated the ability to inhibit the 
production of HIV when tested by this assay as shown in the below table. 

TABLE 2 

Compoupd EC^ECqg nM 



No. 

1) 

2) 
3) 



(25, 3aS, 7aS) -1- [ (25, 35) -3- (2- ( naphth-1- 
yloxy ) ethanoyl-L-asparaginyl ) amino-2-hydroxy- 
4-phenylbutanoyl J octahydroindole-2 -IT ' - t- 
butylcarboxamide 

l-[ (25, 3S)-3- (2- (naphth-l-yloxy) ethanoyl-L- 
asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl J - 
IT ' -t-buty 1-L-prolinamide 

1- [ (25, 35) -3- { quinol-2-ylcarbonyl-L-asparaginyl ) - 
amino-2-hydroxy-4-phenylbutanoyl ) -tf t-butyl- 
L-prolinamide 



5-38/35-140 
10 determ'ns 



131/360 



145/540 



40 



45 



4 ) (25 r 3a5, 7a5) -1- [ (25 , 35) -3- ( 2- ( 6-bromonaphth-2 - 
yloxy) ethanoyl-L-asparaginyl ) amino-2-hydroxy-4- 
phenylbutanoyl ] octahydroindole-2 -K t-buty lcarboxamide 

5) (15,35,55)-lf-[(25 r 35)-3-(2-(naphth-l-yloxy)- 
ethanoyl-L-asparaginyl ) amino-2-hydroxy-4-phenyl- 
butanoyl J -2-azabicyclo [3.3.0] octane-3-y ' -t-buty 1- 
carboxamide 

6 ) (15, 3a5, 7aA) -2- [ (25, 35) -3- (guinol-2-ylcarbonyl- 
L-asparaginyl ) amino- 2 -hydroxy- 4 -phenylbutanoyl ] - 
oct ahydroisoindole- 1-K 9 - t-buty lcarboxamide 

50 7) (15,35, 55) -Jf-[ (25,35)-3-(benzyloxycarbonyl- 

L-asparaginyl ) amino-2 -hydroxy- 4 -phenylbutanoyl ] -2- 
azabicyclo [3 .3,0) ctane-3-tf t-buty lcarboxamide 

8) (15,3aR,7a5)-2-[ (25,35)-3-(2-(naphth-l-yloxy)- 

ethanoyl-L-asparaginyl ) amino-2-hydroxy-4-phenyl- 
butanoyl] -octahydroieoindole-2-K '-t-buty lcarboxamide 



55 



65/140 



5*3-15/35-37 
4 determ'ns 



47/153 



78/151 



18/144 
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10 



15 



25 



30 



35 



40 



9) (2S, 3a5,7aS)-l-[ (2S, 3S)-3-(quinol-2-ylcarbonyl- 
L-asparaginy 1 ) amino-2-hydroxy-4-pheny lbutanoyl } - 
oetahydroindole-2-ir t-butylcarboxamide 

10) (2S,3aS,7aS)-l-[(2S,3S)-3-(2-(naphth-l-yloxy>- 
ethanoyl-L-valyl ) amino-2 -hydrory-4-phenylbutanoyl ) - 
oetahydxoindole-2-JT '-e-butylcarboxamide 



11) (25,3a5,7a5)-l-( (25,35)-3-(2-<naphtn-l-yloxy)- 
ethanoy 1-L-valyl ) amino-2 -hydroxy-4 -pheny lbut anoy 1 ] - 
octahydroindole-2-K '-iao-propyicarboxamide 

12) <2S, 3aS,7aS)-l-[ (25,35)-3-<quinol-2-ylcarbonyl- 
L-valy 1 ) amino-2 -hydroxy-4-phenylbutanoyl } -oetahydro- 
indole-2-tf ' - t-buty lcarboxamide 

20 13) (25,3a5,7aS)-l-( (25, 3S)-3-(2-phenoxyethanoyl-L- 
asparaginy 1 ) amino-2-hydroxy-4-phenylbutanoy 1 ] - 
octahydroindole-2-ir '-t-butylcarboxamide 

14) <2S,3aS,7aS)-l-t (2S,3S)-3-(K"-methyl-jr--(pyrid- 
2-ylmethyl ) carbamoy 1-L-valyl ) amino-2 -hydroxy-4- 
phenylbutanoyl )octahydroiJidole-2-tf '-t-butylcarboxamide 

15) l-[ (2S,3S)-3-(quinol-2-ylcarbonyl-L-valyl)amino- 
2-hydroxy-4-phenylbutanoyl)-K'-t-butyl-L-prolinamide 

16) l-[ (2S,3S)-3-(2-naphth-l-yloxy)ethanoyl- 
L-aeparaginy 1 ) -amino-2 -hydroxy-4-pheny 1- 
butanoyl ) -tf ' - t-buty 1-L-prolinamide 

17) l-( <2S,3S)-3-(2-naphth-l-yloxy)ethanoyl- 
L-aaparaginyl ) amino-2-hydroxy-4- < 4 • -hydroxy- 
phenyl )butanoyl )oetahydroindole-2-K '- t-buty 1 
carboxamide 

18) 1-t (25,35)-3-(2-naphth-2-yloxy)ethanoyl- 
L-valyl ) amino-2 -hydroxy-4-phenylbutanoyl ] - 
S '-t-butyl-L-prolinamide 



EC/EC nM 

7-26/23-110 
6 determine 



7-36/33-120 
4 detann'ne 



6-110/35-160 
5 dataxa'na 



57/530 



82/420 



240/2,200 



500/620 



90-103/140-150 
2 determ'ns 



360/1,420 



146/534 



45 



Example 19 

(cytotoxicity) 



50 



55 



60 



At the same time the supernatant a were removed for p24 determinations in 
the above assay (see Example 18), the cell control wells were read for 
compound toxicity. 

At each concentration of compound, the number of live cells in the 
control wells <no virus infection) were read and the number compared to the 
cell control wells (no compound and no virus). The following rating scale was 
used: 

0» no fewer cells than in the cell control 

1 » 0-25% fewer calls than in the cell control 

2 * 25-50% fewer cells than in the cell control 

3 = 50-75% fewer cells than in the cell control 

4 * 75-100% fewer cells than in the cell control 

Partial toxicity was defined as the lowest concentration of compound tested at 
which there was any visual reduction in cell growth, complete toxicity was 
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defined as the lowest concentration f compound tested at which a score of -4" 
waa givan for toxicity. Poi* compound (2S,3aS,7aS)-l-[ (2S,3S)-3-<2-(naphth-i- 
yloxy ) ethanoyl-L-asparaginy 1 ) amino-2 -hydroxy-4-pheny lbutanoyl ) oetahydroindole- 
2-X '-t-butylcarboxamide , the partial toxicity waa 10 jiK and the complate 
5 toxicity waa >10 ^M. 

While the preaent invention hae been described with reference to the 
specific embodiments thereof, it should be understood by those skilled in the 
art that various changes may be made and equivalents may be substituted 

10 without departing from the true spirit and acope of the invention. In 

addition, many modifications may be made and equivalents may be substituted 
without departing from the true spirit and scope of the invention. In 
addition, many modifications may be made to adapt a particular situation, 
material, composition of matter, process, process step or steps, to the 

15 objective, spirit and scope of the preaent invention. All such modifications 
are intended to be within the acope of the claims appended hereto. 
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1. A compound of formula (X): 
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(I) 



10 wherein: 

R 1 is alkoxycarbonyl, ar alkoxycarbonyl, optionally substituted 

aralkanoyl, optionally substituted aroyl, optionally substituted 
heterocyclylcarbonyl, optionally substituted aryloxyalkanoyl, optionally 
substituted carbamoyl or optionally substituted heterocyclyloxyalkanoyl; 
15 R 2 is hydrogen; 

R 3 is alkyl optionally substituted by hydroxy, carbamoyl, 

monoalkylcarbamoyl, or dialkylcarbamoyl; 
R 4 is optionally substituted aryl or optionally substituted aralkyl; 
R J is hydrogen; 
20 R* is hydroxy; or 

R s and R* together form oxo; and 

R 7 is selected from the group consisting of: 



25 



( R 14 ) 



An 



30 



35 







and 




40 



wherein 

n is 0, 1 or 2; 

each R 14 is independently hydroxy, alxyl, aikoxy or phenyl; and 
R 10 is alkoxycarbonyl or opti nally substitut d carbamoyl; 

as a single stare isomer or as a mixture thereof; or a pharmaceutical^ 

acceptable salt thereof • 



45 



2. A compound of Claim 1 wherein the carb n to which R 4 is attached 
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iB in the S-conf iguration and the carbon to which R 5 and R tf are attached is 
the S-configuration; and wherein 

R l is aralkoxycarbonyl, optionally substituted aryloxyalkanoy 1 , optionally 

substituted carbamoyl or optionally substituted heterocyclylcarbonyl; 
R 3 is alkyl optionally substituted by carbamoyl; 
R 4 is optionally substituted aralkyl; 
R 5 iB hydrogen; 
R tf is hydroxy; and 

R 7 is selected from the group consisting of: 




wherein 

R 10 is raonoalkyl carbamoyl. 

3. A compound of Claim 2 wherein: 

R l is optionally substituted aryloxyalkanoyl; 

R 3 is 1-methylethyl or methyl substituted by carbamoyl; and 

R 4 is benzyl. 

4. A compound of Claim 3 wherein: 
R l is 2-(naphth-l-yloxy)ethanoyl; 

R 3 is methyl substituted by carbamoyl; and 
R 7 is 




wherein R 10 is K-t-butylcarbamoyl; 

one of the steroisomers of which is named, (2S,3aS f 7aS)-l-[ (25, 3S)-3-<2- 
(naphth-l-yloxy ) ethanoyl-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl ] - 
octahydroindole-2-W '-t-butylcarboxamide . 

5. A compound of Claim 3 wherein: 
R 1 is 2-(naphth-l-yloxy)ethanoyl; 
R 3 is methyl substituted by carbamoyl; and 
R 7 is 
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wherein R 10 is tf-t-butylcarbamoyl; 

two of the stereoisomers of which are named, (15,3aR,7aS)-2-[ (2S,3S)-3-(2- 
( naphth-l-yloxy ) ethanoy l-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoy 1 ] - 
octahydroisoindole-l-JT'-t-butylearboxamide, and (lS,3aS, 7aA)-2-[ (2S, 3S)-3-(2- 
( naphth-l-yloxy ) ethanoy l-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoy 1 ] - 
octahydroisoindole-l-tf '-t-butylcarboxamide. 

6. A co mp ound of Claim 3 wherein: 
R 1 is 2- ( naphth-l-yloxy )ethanoyl; 
R 3 is 1-methylethy 1 ; and 
R 7 is 




wherein R 10 is W-t -butyl carbamoyl or tf-iso-propylcarbamoyl; 
two of the stereoisomers of which are named, (2S,3aS, 7aS)-l-[ (2S,3S)-3-(2- 
( naphth-l-yloxy )ethanoyl-L-valyl ) amino-2-hydroxy-4-phenylbutanoyl J - 
octahydroindole-2-*r -t-butylcarboxamide, and (25,3a5, 7aS)-l-[ (25,3S)-3-(2- 
( naphth-l-yloxy ) ethanoy 1-L-valyl ) amino-2-hydroxy-4-phenylbutanoyl J - 
octahydroindole-2-tf ' -iso-propylcarboxamide . 

7. h compound of Claim 3 wherein: 
R 1 is 2-phenoxyethanoyl; 
¥? is methyl substituted by carbamoyl; 
R 7 is 




wherein R 10 is tf-t-butylcarbamoyl; 

one f the stereoisomers of which is named, (2S,3aS,7aS)-l-[ (25,3S)-3-(2- 
phenoxyethanoyl-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl ) - 
octahydroindole-2-IT '-t-butylcarboxamide. 



WO 93/13066 



-66- 



PCT/US92/10772 



8. A compound of Claim 3 wherein: 
R 1 is 2-{naphth-l-yloxy)ethanoyl; 
R 3 is methyl substitut d by' carbamoyl; 



R 7 is 



5 




wherein R 10 is JT-t-butylcarboxamide; 

one of the stereoisomers of which is named, (IS, 3S,5S)-N-[ (2S, 3S)-3-(2- 
(naphth-l-yloxy ) ethanoyl-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl ] -2 
axabicyclo f3 • 3 . 0 ] octane-3-ir '-t-butylcarboxamide. 



10. A compound of Claim 9 wherein: 
R l is quinol-2-ylcarbonyl; 
R J is methyl substituted by carbamoyl; and 
R 7 is 




wherein R i0 is tf-t-butylcarbamoyl; 

one of the stereoisomers of which is named, (2S,3aS,7aS)-l-[ (2S,3S)-3-(qumol- 
2-ylcarbonyl-L-asparaginyl ) amino-2-hydroxy-4-phenylbutanoyl ] -octahydroindol - 
2 -tf ' - t-butylcarboxamide . 



15 



9. A compound of Claim 2 wherein: 
R l is optionally substituted heterocyclylcarbonyl; 
R 3 is 1-methylethyl or methyl substituted by carbamoyl; and 
R 4 is benzyl. 



20 



35 



11. A compound of Claim 9 wherein: 
R l is quinol-2-ylcarbonyl; 
R 3 is methyl substituted by carbamoyl; and 
R? is 



40 




45 wherein R 10 is Jf-t-butylcarbamoy 1 ; 
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one f the stereoisomers of which is named, (lS,3a£,7aJl)-2-[ (2S,3S)-3-(guinol- 
2-yicarbonyl-L-asparaginyl ) amino-2-hydroxy-4-pheny Ibutanoyl J octahydro- 
ieoindoie-l-ir-t-butylcarboxamide. 

12. A compound of Claim 9 wherein: 
R 1 iB quinol-2-ylcarbonyl; . 
R 3 is 1-methylethyl; and 
R 7 is 




wherein R 10 ia tf-t-butylcarbamoyl; 

one of the stereoisomers of which is named, (2S r 3a5, 7aS)-l-[ (25,35)-3-<guinol- 
2-ylcarbonyl-L-valyl ) amino-2-hydroxy-4-pheny Ibutanoyl ]-octahydroindole-2-tf '-t- 
butylcarboxamide . 

13. A compound of Claim 2 wherein: 
R 1 is optionally substituted carbamoyl; 

R 3 is 1-methylethyl or methyl substituted by carbamoyl; and 
R 4 is benzyl. 

14. A compound of Claim 13 wherein: 
R 1 is tf-methyl-N-(pyxid-2-ylmethyl) carbamoyl; 
R 3 is 1-methylethyl; and 

- R 7 is 




wherein R 10 is K-t-butylcarbamoyl; 

one of the stereoisomers of which is named, <2S, 3aS, 7aS)-l-[ (2S,3S)-3-(K-- 
methyl-W-- ^pyrid-2-ylmethyl) carbamoyl-L-valyl ) amino-2-hydroxy-4-phenyl- 
butanoyl ] octahydroindole-2-tf '-t-butylcarboxamide . 



15. Use of a compound of formula (I): 
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R a 0 B* 0 




' 3 H R $ R 



(I) 



wherein: 

R l is alkoxycarbonyl, aralkoxycarbonyl, optionally substituted 

aralkanoyl, optionally substituted aroyl, optionally substituted 
haterocyclylcarbonyl, optionally substituted aryloxyalkanoyl, 
10 optionally substituted carbamoyl or optionally substituted 

heteroeyclyloxyalkanoyl ; 

R 3 is hydrogen; 

R? is alkyl optionally substituted by hydroxy, carbamoyl, 
monoalkylearbamoyl, or dialkylearbamoyl; 
15 R* is optionally substituted aryl or optionally substituted ar alkyl; 
R 5 is hydrogen; 
R tf is hydroxy; or 
R 5 and R' together form oxo; and 
R 7 is selected from the group consisting of: 



25 



30 





and 




35 wherein 

n is 0, 1 or 2; 

each R u is independently hydroxy, alkyl, alkoxy or phenyl; and 
R 10 is alkoxycarbonyl or optionally substituted carbamoyl; 
as a single stereoisomer or as a mixture thereof; or a pharmaceutical ly 
40 acceptable salt thereof, for inhibiting HIV protease in a mammal. 



45 



16. A pharmaceutical composition useful for the inhibition of HIV 
protease in mammals, which composition comprises a therapeutically effective 
amount of a compound of formula (I): 
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R 3 0 8* 0 




5 

wherein: 

R l ia alkoxycarbonyl, ar alkoxycarbonyl, optionally substituted 

aralkanoyl, optionally substituted aroyl, optionally substituted 
heterocyelylcarbonyl, optionally substituted ary loxy alkanoy 1 , 
10 optionally substituted carbamoyl or optionally substituted 

heterocycly loxyalkanoy 1 ; 
R 2 is hydrogen; 

R 3 is alkyl optionally substituted by hydroxy, carbamoyl, 
monoalkylcarbamoyl, or dialkylcarbamoyl; 
15 R 4 is optionally substituted aryl or optionally substituted aralkyl; 
R 5 is hydrogen; 
R* is hydroxy; or 
R 3 and R* together form oxo; and 
R 7 is selected from the group consisting of: 



20 



25 



30 




35 wherein 

n is 0, 1 or 2; 

each R u is independently hydroxy, alley 1, alkoxy or phenyl; and 
R t0 is alkoxycarbonyl or optionally substituted carbamoyl; 
as a single stereoisomer or as a mixture thereof; or a pharmaceutical^ 
40 acceptable salt thereof; and a pharmaceutical^ acceptable excipient* 

17. A process for the preparation of a compound of formula (I): 

45 
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2 0 B 4 0 




wherein: 

R 1 is alkoxycarbonyl, aralkoxycarbonyl, optionally substituted 

aralkanoyl, optionally substituted aroyl, optionally substituted 
heterocydylcarbonyl, optionally substituted aryloxyalkanoyl, optionally 
10 substituted carbamoyl or optionally substituted heteroeyelyloxyalkanoyl; 

R 1 is hydrogen; 

R 3 is alkyl optionally substituted by hydroxy, carbamoyl, 

monoalkylearbamoyl, or dialxy lcarbamoyl ; 
R 4 is optionally substituted aryl or optionally substituted aralkyl; 
15 R 3 is hydrogen; 
R' is hydroxy; or 
R 5 and R* together form oxo; and 
R 7 is selected from the group consisting of: 



20 




25 




30 




wherein 



35 



n is 0, 1 or 2; 

each R M is independently hydroxy, alkyl, alkoxy or phenyl; and 
R'° is alkoxycarbonyl or optionally substituted carbamoyl; 



as a single stereoisomer or as a mixture thereof; or a pharmaceutically 
acceptable salt thereof, which comprises 



40 



a) reacting a compound of the formula 



R 2 0 R* 0 
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wherein C,is en amino-proteeting gr up selected from the group consisting of 
t-butoxycarbonyl, 2-<naphth-l-yloxy)ethan yl and benzyloxycarbonyl and R*, R J , 
and R 4 are as defined above, with a compound of the formula 

5 H - R 7 

wherein R 7 is as defined above, to form a compound of formula (I) wherein G, is 
as defined above; or 

b) treating a compound of the formula 

10 R 2 0 & 0 

..A 




R 3 H OH 

15 wherein R 2 , R 3 , R\ and R 1 are as defined above, with a compound of the formula 

R l - OH 

wherein R 1 is as defined above, to form a compound of formula (I); or 
20 c) reacting a compound of the formula 

R 4 0 

H OH 



25 



30 



wherein R* and R 7 are as defined above, with a compound of the formula 

R* 0 

j> x 

R3 



wherein G,, R 3 r and R* are as defined above and R" is hydrogen or p- 
nitrophenyl, to form a compound of formula (I) wherein G, is as defined above; 
or 

35 d ) oxidizing a compound of formula (I) wherein R 5 is hydrogen and R' 

is hydroxy, to form a compound of formula (I) wherein R* and R* together form 
oxo; or 

e) converting a compound of formula (I) to a pharaceutically 
acceptable salt thereof; or 
40 f ) converting a pharmaceutical^ acceptable salt of a compound of 

formula (I) to the corresponding free compound f formula (I); or 

g) converting a pharmaceutical ly acceptable salt f a compound of 
formula (I) to another pharmaeeutieally acceptable salt of a compound of 
formula (I). 
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18. The procan of Claim 17, step a) or c), which process further 
comprises 

a) catalytically hydrogenating a compound of formula (I) wherein G 3 
is an amino-protecting group selected from the group c nsisting of t- 
5 butoxycarbonyl, 2-(naphth-l-yloxy)ethanoyl and banxyloxycarbonyl and R J , R\ 
R 4 , and R 7 are as defined above, to form a compound of the formula 



R 2 0 & 0 




followed by 

b) treating a compound of formula (X.) wherein R 2 , R 3 , R 4 , and R 7 are as 
defined above, with a compound of the formula 

15 

R 1 - OH 

wherein R 1 is as defined above, to form a compound of formula (I); optionally 
followed by 

20 c) oxidizing a compound of formula (I) wherein R 9 is hydrogen and R' 

is hydroxy, to form a compound of formula (I) wherein R 5 and R* together form 
oxo; or 

d) converting a compound of formula (X) to a pharaceutically 
acceptable salt thereof; or 
25 e) converting a pharmaceutically acceptable salt of a compound of 

formula (I) to the corresponding free compound of formula (I); or 

f ) converting a pharmaceutically acceptable salt of a compound of 
formula (I) to another pharmaceutically acceptable salt of a compound of 
formula (I). 
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